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PREFACE 


The volumes of the International Library of Technology are 
made up of Instruction Papers, or Sections, comprising the 
various courses of instruction for students of the International 
Correspondence Schools. The original manuscripts are pre- 
pared by persons thoroughly qualified both technically and by 
experience to write with authority, and in many cases they are 
regularly employed elsewhere in practical work as experts. 
The manuscripts are then carefully edited to make them suit- 
able for correspondence instruction. The Instruction Papers 
are written clearly and in the simplest language possible, so as 
to make them readily understood by all students. Necessary 
techmcal expressions are clearly explained when introduced. 

The great majority of our students wish to prepare them- 
selves for advancement in their vocations or to qualify for 
more congenial occupations- Usually they are employed and 
able to dfcvote only a few hours a day to study. Therefore 
every effort must be made to give them practical and accurate 
information in clear and concise form and to make this infor- 
mation include all of the essentials but none of the non- 
essentials. To make the text clear, illustrations are used 
freely. These illustrations are especially made by our own 
Illustrating Department in order to adapt them fully to the 
requirements of the text 

In the. table of contents that immediately follows are given 
the titles of the Sections included in this volume, and under 
each title are listed the main topics discussed. 

International Textbook Companv 
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BRIDGE MEMBERS AND DETAILS 

(PART 1) 


MATERIALS 

1. The materials most used in the construction of bridges 
are wood, iron, and steel. In this Section, the materials and 
the forms and shapes specially adapted to bridge work will 
be considered. The specifications governing the quality of 
materials, and the details of construction of bridges, will be 
treated in subsequent Sections. 


WOOD 


2. In the first bridge trusses that were built, wood was 
used almost wholly for compression members; to a great 
extent for tension members, such as lower chords; and for 
floor systems. As the loads at that time were light, and 
timber was plentiful in almost all localities, while iron and 
steel were expensive and of uncertain quality, wood was con- 
sidered the most desirable material. With the advance of 
civilization, loads increased in weight, the clearing of large 
areas made timber scarce and expensive, and new methods 
of manufacture rendered iron and steel more reliable and 
less expensive. On this account, when the timber bridges 
first built deteriorated to such an extent that it became 
necessary to renew them, many were replaced by structures 
entirely of iron or steel, with the exception, in many cases, 
of the floor system, for which wood still remained the most 
satisfactory material. 
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2 BRIDGE MEMBERS AND DETAILS §73 

sections between the members connected, and the resistance 
to crushing offered by the plates bearing on the rivets. 

2. Friction of Riveted Joints. — As explained in 
Bridge Members and Details, Part 1, rivets are driven hot, and 
in cooling contract and hold firmly together the parts through 
which they pass. This causes a certain amount of friction 
between the parts, which helps to transmit stress from one 
member or part of a member to another. It is impossible to 
determine with any certainty how great this friction is, and it 
IS customary to ignore it in the design of riveted joints, the 
shearing and bearing resistances alone being considered. 

3, Shearing Talue. — The maximum shearing stress 
that is allowable on a rivet is called the shearing value of 

the rivet, or the value of the 
rivet, in shear. If a rivet 
connects two plates, as 
represented in Fig, 1, the 
stress in one plate is trans- 
mitted to the other by means 
of the rivet, and the area 
subjected to shear is the area of cross-section of the rivet. 
As there is but one section c of the rivet subjected to shear, 
the rivet is said to be in 
single shear. When a 
rivet connects two members, 
as represented in Fig. 2, the 
nvet is subjected to shear at 
two sections d and e, and is 
said to be in double shear. 

In calculating the area of 
cross-section of a rivet, the nominal diameter is used. 

The shearing value of a rivet is found as follows: 

Rule. — To hnd the value of a rivet in single shear, multiply 
the area of cross-section of the rivet by the allowable intensity oi 
stress in shear; to find the value of a rivet in double shear, 
multiply twice the area of cross-section of the rivet by the 
allowable intensity of stress in shear* 
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bridge failures, however, soon led to the abandonment of 
this material for important members. For a number of 
years, it has been used only for unimportant parts, such as 
heavy bedplates or masonry plates under the ends of trusses, 
to distribute the pressure over the required area of the 
masonry. At the present time, it is being entirely super- 
seded in bridge work by steel, even for unimportant details. 
It is a good rule never to use cast iron for a7iy part of a bridge 
the failure of which may cause damage to life or property. 


WROUGHT IRON 

6. Properties. — Wrought iron is the product obtained 
by burning the carbon, and, to a certain extent, the other 
impurities from cast iron. The result is a porous mass of 
pure iron with some impurities; the smaller the quantity of 
these impurities, the better is the quality of the iron. The 
first product of the burning is hammered and pressed 
between rolls into a compact and homogeneous m,ass, to 
eliminate the pores and weld the iron firmly into a solid 
mass. The amount and method of hammering and rolling 
determine to a great extent the quality of the iron. 

Wrought iron has a lower compressive strength than cast 
iron, and is more expensive; on the other hand, it possesses 
so many advantages over cast iron that it is far preferable 
in bridge work. By successive heating and hammering, it 
can be given almost any desired form; two pieces of it can 
readily be welded or riveted with very little injury to the 
iron; it is very tough and ductile, and gives ample warning 
before failure. 

7. Use of Wrought Iron. — In the earlier bridge trusses, 
wrought iron was used for the tension web members, and 
later on replaced timber and cast iron in all the members, 
being used for several years with fairly good results. As 
the loads increased, it was necessary to build the bridges 
stronger; this could have been done by using heavier mem- 
bers of wrought iron, but, on account of the high cost of 
such members, it became very desirable to replace this 
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material by another having greater strength, and not inferior 
in other properties. Steel was found to possess the needed 
requirements, and has superseded wrought iron in nearly all 
forms of structural work. 

8. The earlier grades of wrought iron were of compara- 
tively low quality; the material lacked homogeneity, and 
possessed all the impurities of the cast iron from which it 
was made. With modern appliances for the manufacture of 
iron and steel, a much better quality can be obtained, and 
it is thought by some engineers that steel is used at present 
in some places where the conditions are such that wrought 
iron would give much better results. This is particularly 
true of highway bridges over railway tracks, where, on 
account of the sulphurous fumes from the smokestacks of 
locomotives, steel corrodes very rapidly. There are several 
instances where second-hand wrought-iron trusses support- 
ing new steel floor systems over railway tracks were in 
excellent condition, so far as corrosion was concerned, after 
the steel floorbeams and stringers had corroded to such an 
extent that it was necessary to replace them. As a general 
rule, however, steel is far preferable to wrought iron for 
bridge work; wrought iron is used at present simply for 
members that require to be welded, and for details that 
cannot easily be manufactured of steel. The grades of steel 
used for bridge work do not weld well. 


STEEL 

9, Method of Manufacture. — Steel is manufactured in 
three ways; namely, by adding carbon to wrought iron, by 
removing carbon from cast iron, or by mixing cast and 
wrought iron in suitable proportions. The first process, 
which is called the crucible px’ocess, is the most expensive. 
Crucible steel is never used in bridge work. 

The second process is known as the Bessemer process, 
and gives a grade of steel that is used to a great extent hx 
structural work. Owing to the method of manufacture, 
Bessemer steel is liable to have hard and t)rittle spots, and 
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is not homogeneous. For this reason, it is not well adapted 
for use in members subject to shocks and blows, such as 
bridge members, although it is sometimes used. 

The third process is known as the open-lieartli process, 
and gives a grade of steel similar to Bessemer steel, but 
more homogeneous. Open-hearth steel is especially adapted 
to bridge work, and is largely used for that purpose; it is 
somewhat more expensive than Bessemer steel, but the 
additional expense is thought to be justified by the greater 
homogeneity obtained in the metal. 

10, Red Shortness and Cold Shortness. — The 
strength and ductility of steel depend to a great extent on 
the amount of impurities, those usually present being silicon, 
manganese, carbon, sulphur, and phosphorus. The first two 
are sufficiently removed in modern methods of manufacture, 
and will not be further discussed. The amount of carbon 
can be regulated at will, according to the tenacity and 
ductility required, and varies from .1 to 1 per cent, of the 
product. In general, the lower the percentage of carbon, 
the softer is the steel; the higher the percentage of carbon, 
the harder is the steel. 

The presence of sulphur makes the steel red short; that 
is, brittle and easily cracked when hot. This is a very 
undesirable property, as steel is heated and worked several 
times during the process of manufactoe, and if much sulphur 
is present, the material is broken and wasted. 

The presence of phosphorus makes steel cold short; that 
is, brittle and easily broken when cold. This, too, is a very 
undesirable property in steel that is to be used in bridge 
work, where the members are subject to shocks, and where 
the failure of a member may cause disastrous results. 

For the reasons just stated, it would be desirable to remove 
sulphur and phosphorus entirely from steel; but, as the neces- 
sary process is too expensive, it is customary to require that 
the amounts of them shall not exceed a certain percentage 
of the product. The amount of sulphur allowed in steel for 
bridge work is usually not more than .04 per cent.; that of 
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phosphorus varies from .04 to .08 per cent., according to the 
method of removing the phosphorus. 

11. Acid Process and Basic Process. — There are two 
methods of manufacture by both the Bessemer and the open- 
hearth process; these methods have been given the names 
acid and basic, the difference consisting in the lining of the 
receptacle in which the steel is prepared and the materials 
that are added during the process of preparation. 

In the acid process, the receptacle is lined with silicious 
sandstone, and pig iron with a small percentage of phosphorus 
is used; none of the latter is removed by this method, the 
amount in the finished steel being the same as in the pig iron 
put in the receptacle. 

In the basic process, the receptacle is lined with dolomite 
(magnesium limestone), and pig iron with a large amount of 
phosphorus may be used, as substances are added to the pig 
iron that remove most of the phosphorus. 

It has been found in practice that, if steel is manufactured 
by the acid process, the amount of phosphorus should not 
exceed .08 per cent.; if made by the basic method, the 
phosphorus should not exceed .04 per cent. 

12. MeJts. — The quantity of steel that is manufactured in 
one operation of the melting furnace is spoken of as a melt. 
Each melt is numbered so that the record can be easily found 
by referring to the melt number. The chemical properties 
of each melt are placed on record for future reference as soon 
as the melt is finished. 

13- When the proper chemical composition of the steel 
has been obtained, the molten metal in the receptacle (that is, 
the melt) is poured into molds, forming large castings called 
ingots. These ingots are sometimes rolled a few times to 
form what are known as billets. All the ingots or billets 
that come from one melt are stamped with the melt number. 
The billets are subsequently reheated and passed successively 
between rolls, each rolling decreasing the cross-section and 
increasing the length of the billet, until the desired form is 
reached. In this way, a great variety of shapes — such as 



§72 


BRIDGE MEMBERS AND DETAILS 


7 


rods, plates, angles, channels, I beams, etc. — are obtained. 
The melt number on a billet should be stamped on each piece 
rolled from that billet. 

The tenacity and ductility of the finished material are 
ascertained by certain mechanical tests prescribed by the 
bridge engineer in charge of the work and made under 
the supervision of inspectors appointed by him. The usual 
tests that are prescribed will be given in Bridge Specifications, 


STRUCTURAL SHAPES OR SECTIONS 


INTRODUCTION 

14. Properties of Sections. — In Strength of Materials, 
the moment of inertia, radius of gyration, and section 
modulus have been defined, and the methods of computing 
them explained. In actual practice, it is seldom necessary 
to compute these properties for the simple rolled shapes, as 
they are computed by the steel manufacturers, who publish 
books containing tables in which the results of such com- 
putations are given. Several of these tables, and others 
that are convenient for bridge work, are given in Bridge 
Tables, All references in this Section are to those tables, 
unless otherwise stated, 

15. Weight of Steel. — In Bridge Tables, the weight of 
a cubic foot of steel has been taken as 489.6 pounds. As 
the weight of 1 cubic foot of material is equal to that of 
144 pieces 1 inch square and 12 inches long, the weight 
of each of these pieces of steel is 489.6 -r- 144 = 3.4 pounds. 
That is, the weight of a piece of steel 1 inch square and 1 foot 
lo7ig is 3,4 pounds, and, therefore, the weight per linear foot of 
any piece o£ steel of uniform cross-section may be fou 7 id by multi- 
plying the area of the cross-section, in square inches, by 3,4, 

For example, the area of cross-section of a steel plate 
12 inches wide and i inch thick is 6 square inches; the 
weight of the plate, per foot, is, therefore, 6 X 3,4 
= 20.4 pounds. 
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SIMPLE ROLLED SHAPES 


SQUARE AND ROUND RODS 

16« Areas and Weiglits. — Table I gives the areas of 
cross-section and weights per linear foot for round rods from 
tV inch to 6 inches in diameter; and Table II gives corre- 
sponding values for square rods from -iV inch to 6 inches on 
a side. For example, it can be seen at a glance that the 
area of cross-section of a round rod 2i inches in diameter 
is 6.49 square inches, and that the weight per foot is 
22.07 pounds. These rods are frequently used for tension 
members, such as lateral rods or counters, but are seldom 
used for the main members of trusses. The rods are 
sometimes connected at the ends by means of screw threads 
on which are turned nuts or other devices for transmitting to 
the rods the forces they are to resist. 

17, Upset Screw Ends. — If screw threads are cut on 
the ends of a round rod, the area of cross-section at the root 
of the thread is considerably less than that of the body of the 
rod, and the screw ends are not so strong as the remainder 
of the rod. On this account, it is customary to enlarge the 
ends before the threads are cut; this is done by a process 
called upsetting. The rod, as originally made, is the same 
diameter throughout its entire length; in the process of 
upsetting, the ends are heated, and the diameter at the ends 
is enlarged to such an extent that, after the threads are cut 
on the enlarged ends, the area of cross-section at the root of 
the thread will be greater than that of the body of the bar; 
the greater area is necessary because the process of upsetting 
somewhat weakens the steel at the ends. When it is desired 
to form screw ends on square rods, the ends are upset to 
cylindrical forms. The rod is considerably shortened in 
upsetting, and so it is necessary to allow for the shortening 
eflEect. 

Table III gives the dimensions of standard upset screw 
ends for round rods from i inch to 3 inches in diameter, and 
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for square rods from i inch to 3 inches on a side, together 
with the additional lengths of the original rods necessary to 
form a screw end. These dimensions give an area of cross- 
section at the root of the thread from 20 to 50 per cent, 
greater than that of the body of the bar, and have been 
found to be satisfactory in actual practice. It is seldom 
necessary in bridge work to upset a round rod greater than 
3 inches in diameter, or a square rod greater than 3 inches 
on a side. 

18, Hexagon Nuts. — Table IV gives the standard 
dimensions and weights of hexagon nuts, which are com- 
monly used with rods with screw ends. 

Example. — round rod 2f inches in diameter is rc "^uired to be 
10 feet long and to have two upset ends, (a) What is the diameter of 
the screw end? (d) What is the length of the screw end? (c) How 
long must the rod be before upsetting? 

Solution. — (a) Table III gives the diameter D of the screw end 
for a round rod 2f in. in diameter as 3 in. Ans. 

(^) Table III gives the length L of the screw end for the same rod 
as 6 in. Ans. 

{c) Table III gives the additional length U of rod necessary to 
form one upset end as 4f in. As there are two upset ends, the original 
length of the rod must be 

10 ft, + (2 X 4f in.) = 10 ft. 8|- in. Ans. 


FLAT PLATES 

19. Areas and Weights. — Table VI gives the areas of 
cross-section, and Table VII gives the weights per linear foot, 
of steel plates from iV to 1 inch in thickness and from \ inch 
to 100 inches in width. The tables contain the usual sizes 
of plates; the areas and weights for other sizes can be found 
from these very readily by interpolation. Plates are used 
for webs and flanges of plate girders, and, in connection 
with other shapes, for tension and compression members in 
trusses. 


20. Extreme Lengths of Plates. — Table V gives, 
approximately, the greatest lengths of various sizes of steel 
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plates that can be furnished by the rolling mills; these 
lengths should not be exceeded in designing bridges. In 
case plates are desired longer than the lengths given in the 
table, they can be formed by splicing together several pieces 
of shorter lengths, as explained in subsequent articles. In 
consulting Table V, if the width and thickness desired are 
not given in the table, it is necessary to use the length 
given for the next greater width and thickness. 

21. Moments of Inertia of Rectangular Sections. 
Table VIII gives the values of the moments of inertia, 
about axes at right angles to the width, of rectangular sec- 
tions from 4 to 1 inch in thickness and from 2 to 60 inches in 
width. The value for any other thickness can be found 
very readily from those given in the table. As will be seen 
later, this table is extremely useful in calculating the proper- 
ties of compound or built-up shapes. 

Example. — ^Assuming a steel plate 56 inches in width and •J-J' inch 
in thickness; {a) what is the area of its cross-section? (d) what is 
its weight per linear foot? {c) what is the greatest length the rolling 
mills can furnish? {d) what is the value of its moment of inertia 
about an axis perpendicular to the width? 

Solution.— (tn) As 56 is not given in the list of widths in Table VI, 
it will be well to consider the given plate equivalent to two plates, 
one of which is 50 in. and the other 6 in. in width. From Table VI, 
the area of cross-section of a plate 50 in. wide and in. thick is 
found to be 34.375 sq. in.; and the area of cross-section of a plate 6 in. 
wide and -J-J in. thick is found to be 4.125 sq. in. The sum of these, 
or 38.6 sq. in., is the area of cross-section of the given plate. Ans. 

[b) Proceeding as in (a), we find, from Table VII, the weight per 
linear foot of a plate 6 in. in width and ^ in. in thickness to be 
14.03 lb., and that of a plate 50 in. in width and in. in thickness 
to be 116.9 lb. The sum of these, or 130.9 lb., is the weight per 
linear foot of the given plate, Ans. 

(^) As, in Table V, 56 is not given in the list of widths, nor 
IJ- in the list of thicknesses, the next greater width, in this case 60 in., 
and the next greater thickness, in this case f- in., are looked for. The 
length corresponding to this width and thickness is 30 ft. Then, 30 ft. 
is approximately the longest 56" X plate that can be had. 

(of) Consulting Table VIII, the value 10,061 for the moment of 
inertia is found opposite a width of 56 in. and below a thickness of 
in. Ans. 
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ANGLES 

22, Properties. — Table IX gives the dimensions, areas 
of cross-section, weights per linear foot, and other useful 
properties of standard angles having equal legs; and Table X 
gives the same properties of angles having unequal legs. 
In bridge work, angles are employed more than any other 
single shape, with the exception of plates, and are used for 
flanges of plate girders, members of lateral trusses, and, in 
connection with other sections, for many built-up tension and 
compression truss members. The smaller sizes of angles, 
especially those having legs less than inches in width, are 
never used except for unimportant details. 

An angle is usually referred to by a product of three num- 
bers, the first two of which express the widths of the legs, 
and the other the thickness. Thus, an 8'' X 8" X f" angle 
is an angle each of whose legs is 8 inches wide and whose 
thickness is i inch; a 6'^ X 4'' X i'' angle is an angle one of 
whose legs is 6 inches wide, the other 4 inches, and whose 
thickness is i inch. In the case of unequal-leg angles, the 
width of the wider leg is usually written or named first, as 
in the example just given. 

The symbol L is commonly used for angle, and u for 
angles. Thus, 2 LS 6" X 4" X 2 " means two 6" X 4" X i'' 
angles. 


23. Actual Size and Nominal Size of Legs. — Angles 
are made by heating and rolling steel billets. The finishing 
process consists in passing the steel through special sets of 
rolls that give it the required angular form. Each one of 
these sets of rolls is used for angles of various thicknesses 
and of approximately the same width. In the construction 
of tables, these widths are considered to be all equal, and to 
have a common value equal to the actual width of the thin- 
nest angle for which that set of rolls is employed. This 
width, for angles other than the thinnest, is called their 
nominal width, to distinguish it from their actual width. 
For the purposes of selecting angles in the general design 
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of members, the nominal width, which is smaller than the 
actual width, is used; the error is small, and on the side of 
safety. For detailingr, making connections, etc., it is neces- 
sary to take into account the difference between actual and 
nominal widths. 

24, Table XI gives the thicknesses of angles for which the 
actual width is equal to the nominal. Opposite a width of 
5 in. X 3 in., for example, are found the thicknesses A and i. 
This means that there are two sets of rolls for rolling 5'^ X 3'' 
angles: the thinnest angle that is rolled with one of these 
sets is A inch thick; the actual widths of the legs of those 
angles are 5 and 3 inches. The same set of rolls is used for 
angles whose thicknesses lie between A inch and i inch; but, 
although these angles are called 5'' X 3" angles, they are a 
little wider than indicated by those figures. Likewise, the 
smallest thickness rolled with the other set of rolls is i inch, 

for which the actual 
widths are 5 and 3 
inches; for greater 
thicknesses, the actual 
widths are slightly 
greater. 

Fig. 1 (a) shows a 
cross-section of an 
8 "X 8 "XI" angle. 
According to Table XI, these are actual dimensions, since 
the angle has the minimum thickness for which the rolls are 
used. For an 8 " X 8 " X angle, the same rolls are used, 
and are set i inch farther apart to allow for the increase in 
thickness. The result is shown in Fig. 1 (^), the increase 
being shown by section lines. The actual size of this angle 
is, then, 8 i in. X 84 in. X 1 in., although it is called an 
8 " X 8 " X 1'' angle. In general, the actual width of an angle 
can be obtained from the nominal width by the following 

Buie . — Add to the nominal width the diiference between the 
^ven thickness and the next smaller thickness for that width 
^ven in Table XL 




Fig. 1 
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For example, the actual size of a X 4" X angle is 
6A in. X 4A in. X f in., since the next smaller thickness 
given in Table XI is A inch, and the difference between 
i and A is A inch. 

25, Location of Gauge Lines. — Angles are connected 
to each other and to other shapes by rivets, the centers of 
which are located on lines, called gauge lines, parallel to 
the edges of the angles. In some cases, the rivets are 
located on one line, in others, on two, and sometimes, in 
8-inch legs, on three lines. Table XII gives the standard 
distances from the gauge lines to the edges of the angles, 
together with the diameters of the largest rivets that can 
conveniently be driven into the leg. 


CHANNELS 

26, channels are extensively used for chord members, 
compression web members, and columns for viaducts. 
Table XIII gives the dimensions, areas of cross-section, 
weights per linear foot, and other useful properties of chan- 
nels varying in depth from 3 to 15 inches. The sizes given 
in bold-faced type are called standard cliannels, and are 
kept in stock by rolling mills; the others are rolled to order. 
Delay is sometimes caused in the work if any but standard 
channels are ordered, particularly when the rolling mills are 
busy. 

27 . Unlike angles, channels are not designated by the 
width and thickness, but by the depth and weight per linear 
foot. For instance, a 12-inch 25-pound (12^'-25^) channel 
is a channel 12 inches deep and weighing 25 pounds per 
linear foot. 

The symbols C and E are used for chaimel and channels^ 
respectively. For example, 3-12^'-25^ E means three chan- 
nels each 12 inches deep and each weighing 25 pounds per 
linear foot. 

From Table XIII, any other dimension can be found when 
the depth and weight are given; thus, the area of cross-section 
of a 12-inch 25-pound channel is found in column 3 to be 
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7.35 square inches; the thickness of web, .39 inch, is found 
in column 4; the width of flange, 3.05 inches, in column 5; etc. 
Columns 13 to 16 are very useful in working up connections 
when detailing. Column 17 gives the minimum distance 
between two channels of the same size, in order that the 
radius of gyration of the two acting together shall not be 
less than that given in column 8 for one channel alone. 


1 BEAMS 

28. Dimensions and Properties. — I beams are exten- 
sively used to span small openings for both railroads and 
highways, for the stringers and floorbeams of highway 
bridges, and for columns supporting elevated railroads. 
Table XIV gives the dimensions, areas of cross-section, 
weights per linear foot, and other useful properties of I beams 
varying in depth from 3 to 24 inches. The sizes given 
in bold-faced type are called standard I beams, and are 
kept in stock by the rolling mills; the others are rolled to 
order. 

29. I beams, like channels, are designated by the depth 
and weight per linear foot. For instance, a 20-inch 80-pound 
(20''-80^ ) I beam is a beam 20 inches in depth and weigh- 
ing 80 pounds per linear foot. 

30. Cast-Iron Separators or Spacers. — When I beams 
are used for small spans under a railroad track, it is some- 
times desirable to place two or three beams of the same 






=Q=fc 



(») 


(i) 


Fig. 2 


depth close together under each rail. In such a case, some 
device is necessary to make the beams work together and 
maintain a uniform distance apart. This is accomplished by 
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placing: between the I beams cast-iron spacers, or separa- 
tors, and bolting them in place with bolts passing through 
the spacers and beams. Fig. 2 (a) shows a cross-section of 
two I beams connected in this way, and Fig. 2 (d) shows 
three I beams connected. 

The dimensions and weights of the usual forms of separa- 
tors, or spacers, are given in Table XV. 


OTHEB SHAPES 

31. Z Bars. — Z bars are used in connection with plates 
for columns, and in floors of bridges when solid steel floors 
are necessary. Table XVI gives the dimensions, areas of 
cross-section, weights per linear foot, and other useful prop- 
erties of Z bars varying in depth from 3 to 6 inches. A Z bar 
is designated by giving all the widths and the thickness, the 
latter being written or named last; as a 3-^' X 6'' X 3i X ■A"'' 
Z bar. 


32. T Rails. — It is frequently desirable to know the 
properties of T rails, so that the strength can be deter- 
mined in cases where they are subject to unusual stresses. 
Table XVIII gives the weights per yard, dimensions, and 
properties of American standard rail sections. It is custom- 
ary to designate rails by the weight per linear yard; thus, a 
90-pound rail is a rail that weighs 90 pounds per yard. 
When second-hand rails are used, proper allowance must be 
made for the decrease in section due to wear and rust. 


REDUCTION OF INCHES TO DECIMALS OF 1 FOOT OR INCH 

33. Table XVII is very useful for converting inches 
into decimal fractions of 1 foot, and for converting into deci- 
mal fractions the usual fractional divisions of 1 inch. The 
last column on the right contains the decimal equivalents of 
the common fractions in the column immediately preceding 
it. The numbers in the extreme left column are fractions of 
an inch; those at the top of the other columns represent 



16 


BRIDGE MEMBERS AND DETAILS §72 


whole inches; and those in the body of the table, decimals 
of a foot, each of those decimals corresponding to the 
number of inches denoted by the number at the top of the 
column, plus the fraction in the left-hand column, horizontally 
opposite the decimal in question. Thus, the decimal of a 
foot corresponding to lOA inches is .8594, found in the 
column headed 10, and horizontally opposite the fraction 
in the first column. 


EXAMPLES FOR PRACTICE 


1. What is the weight of a piece of steel 8.5 feet long, if the area 
of cross-section is 6.7 square inches? Ans. 193.63 lb. 


2. A square steel rod if inches on a side is required to be 15 feet 
long and to have two upset screw ends. Find, from the tables: (a) 
the diameter of the upset end; (5) the length of rod before upsetting; 

(c) the weight of two hexagon nuts for this rod. 

( {a) 2| in. 

Ans..| {d) 15 ft. lOj in. 
1(c) 19.60 1b. 

3. A steel plate has a width of 45 inches and a thickness of inch. 

Find, from the tables: (a) the area of cross-section of the plate; 
{d) the weight per linear foot; (c) the greatest length the rolling mills 
can furnish. f (a) 25.31 sq. in. 

Ans. I {d) 86.06 lb. 

1(c) 40 ft. " 

4. Find, from the tables, the actual dimensions of angles the nom- 
inal dimensions of which are as follows: (a) 3^ in. X 3^ in. X in.; 

(d) 6 in. X 3^ in. X i in.; {c) 6 in. X 6 in. X H iii-; W 7 m. X 3iin. 

{a) S-f in. X 3|- in. X tV 
{d) 6| in. X Sf in. X i in. 

{c) 6i in. X Qi in. X H in. 

W 7-i^g- in. X 3|^ in. X H 


X H in- 

Ans. 


5. Find, from the tables, the decimal parts of a foot equivalent to: 
(a) l-J- inches; (5) 2^- inches; (c) 5^ inches; {d) llj-| inches. 


Ans. 


(a) .1250 
(d) .2292 

l c) .4896 

l d) .9657 


6. Find, from the tables, the decimal parts of an inch equivalent to: 
(») •^inch; (b) 1-,^ inches; (c) inches. {(a) .2188 

Ans. {(d) 1.5625 
1(c) 2.9068 
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RIVETS 

34. Introductory. — The rolled shapes that have been 
described in the preceding articles are connected to one 
another and to other shapes by means of rivets, those 
most commonly used in bridge work varying from i to 
1 inch in diameter. Circular holes tV inch larger in diam- 
eter than the rivets are first punched or drilled in the shapes 
that are to be connected; the shapes are then placed on one 
another so that the holes come in line; and heated rivets 
are inserted in the holes. As soon as a rivet is inserted, 
and before it has time to cool, the protruding end is ham- 
mered or pressed until the rivet completely fills the hole, 
when a head is formed by tools specially adapted to that 
purpose. 



35. Full and Countersunk Heads. — Each rivet, before 
driving, has one head, as represented in Fig. 3 (a). In 
Fig. 3 id) is shown a rivet inserted in the hole and ready 
for driving; Fig. 3 (c) shows the rivet when partly driven; 
and Fig. 3 (d) shows it when completely driven and finished, 
with the other head formed. This style of rivet is called a 
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bxitton-heacl rivet. The rivet represented in Fig, 3 id) is 
said to have two full lieads. 

When it is objectionable, for any reason, to have the head 
protrude beyond the surface of the metal, one or both ends 
of the hole are enlarged to a conical form, and a shorter rivet 
is used, which is made just long enough to fill the enlarged 
hole, as represented at the right end of the rivet in Fig. 3 (<?). 
Owing to the difficulties of manufacture, such a head will 
usually project about i inch beyond the ^surface of the 
metal. This form of head is called a countersunk head, 
and the rivet, a countersunk rivet. It is sometimes 
desirable to use two countersunk heads, one at each end of 
the rivet. 

36. Dimensions of Heads. — Table XIX gives the usual 
dimensions of button and countersunk heads for rivets from 
2 - to 1 inch in diameter. In case the heads are too high, and 
it is not desired to use countersunk heads, they may be flat- 
tened by hammering when hot to a height of i, i, or i inch. 
If it is desired at any point that a countersunk head should 
not project at all beyond the surface of the metal, it must be 
planed or chipped off with a chisel. 

37. Dimensions and Weights. — The distance from 
the under side of the head to the end of the rivet before 
driving, as represented in Fig. 3 (a), is called the length; 
the cylindrical portion of the rivet is called the shank; and 
the thickness of metal between the heads, as represented in 
Fig. 3 id), is called the grip. Table XX gives the addi- 
tional length of shank required to form a head for rivets 
from J to 1 inch in diameter and for grips of from i inch to 
6 inches. Part of this additional length is utilized in filling 
the rivet hole whose diameter is Z>', Fig. 3 id), and the 
remainder in forming the head. On account of the necessity 
of filling the hole, a greater additional length is required for 
long grips than for short grips. 

To odium the length of rivet required for a give^i grip and 
diaiTieier of rivet, add to the grip the additional length given in 
T adlc XX for that rivet corresponding to that grip. 
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. For example, if a t-inch rivet has a grip of inches, then, 
to form a button head, since the additional length corre- 
sponding to a grip of 3^ inches for a i--inch rivet is given in 
Table XX as If inches, the length before driving should be 

+ If = 5f inches, and to form a countersunk head, 
3f + 1 = 4i inches. 

The weights of button heads for rivets from f to 1 inch 
in diameter are given in Table XXL The weights of shanks 
can be found by the use of Table L 

Example. — To find the weight of 125 rivets inch in diameter, 
having a grip of 2f inches, if both ends are to have button heads. 

Solution. — The additional length of shank required to form a 
button head on a |-in. rivet having a grip of 2|- in. is given in 
Table XX as l| in.; then, the length before driving will be 2-| + if 
= 4f in., or, by Table XVII, .3542 ft. Table I gives the weight per 
linear foot of a round rod f in. in diameter as 2.04 lb.; then, the 
weight of the rivet shanks, since there are 125 rivets, is 
125 X .3542 X 2.04 = 90.32 lb. 

Table XXI gives the weight of 100 button heads for f-in. rivets as 
16.7 lb.; then, the weight of 125 heads is fff X 16.7 = 20.88 lb. The 
total weight of the rivets is 

90.32 + 20.88 = 111.20 lb. Ans. 

38 . Conventional Signs for Riveting. — Those rivets 
that are driven where the bridge is manufactured are called 
sliop rivets; those that are driven where the bridge is 
erected, field rivets. Table XXIII (a) and (d) shows the 
conventional signs used in preparing drawings to indicate 
where the rivet is to be driven and what type of head is 
desired. By this side, outside, or near side is meant 
the surface shown uppermost on the drawing, or the upper 
side; by other side, inside, or far side is meant the sur- 
face opposite that shown uppermost, or the under side. 
Both of these systems are standard in different offices; that 
shown in Table XXIII (a) is the American Bridge Com- 
pany’s standard; that shown in Table XXIII (d) is called 
the Osborne standard. 

39 . Rivet Pitch. — The distance between the centers of 
two consecutive rivets in the same row is called the pitch 
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of the rivets. If there is one row, as in Fig. 4 (a), the pitch 
is the distance between two rivets in the same row; if there 
are two rows, as represented in Fig. 4 (6), the pitch is the 
distance between two consecutive rivets in alternate rows, 

measured parallel to 


T 
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O- O 1 ' j-T the gauge lines. The 

. ■ ■"! pitch is marked p in 

(a) Fig. 4. 

In spacing rivets 
along gauge lines, it 
is customary to make 
the pitch uniform, 

that is, to have as 

(h) many spaces of the 

4 same length together 

as is convenient. In specifying the number of spaces, pitch, 
etc., it is customary to write first the number of equal spaces, 
then the pitch, and finally the distance covered by those 
equal spaces [see Fig. 4 (^)]. 

Table XXII gives the total distances covered by equal 
spaces from I3 to 6 inches, and from 2 to 32 in number. 


EXAMPLES EOR PRACTICE 

1. Find the total length of shank required to form a button head 

for: {a) a |-inch rivet having a grip of 2 inches; (^) a f-inch rivet 
having a grip of 3^ inches; {c) a 1-inch rivet having a grip of 
3-J- inches. f {a) 3^ in- 

Ans.-! {d) 45 - in. 

IW Sfin. 

2. Find the total length of shank required to form one counter- 

sunk head for: {a) a -f-inch rivet having a grip of 2^ inches; (^) a 
J-inch rivet having a grip of 2j inches. . f (a) 3|- in. 

3f in. 

3. Find the weight of 246 rivets f inch in diameter and having a 

grip of 2^ inches: (a) if both ends have button heads; (d) if one end 
has a countersunk head. * ^ f (a) 141 lb, 

mib. 

4. Find, from Table XXII, the total distances covered by the 
following numbers of equal spaces: (a) eleven spaces at 2^ inches; 
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[d) seventeen spaces at 3f inches; (c) twenty spaces at 3^ inches; 
id) twenty-seven spaces at 4-|- inches; ' (<?) thirty-one' spaces at 3-^ inches 

( (a) 2 ft. 7|- in. 

4 ft. 9f in 

Ans. ' 


(a) 

W 

{c) 

(d) 


5 ft. 2^ in. 
10 ft. in. 
9 ft. 


2 ill- 


BUILT-UP SHAPES 

40. The simple shapes that have been explained and 
tabulated in the preceding pages are seldom used alone for 
bridge members; they are usually employed in connection 
with other shapes, the several parts being thoroughly con- 
nected and riveted together so as to act as a single shape. 
Such combinations are called built-up, or compound, 
shapes, the same names being applied to members formed 
with them. The methods of connecting the different parts 
of a built-up shape will be treated later. 


TWO ANGLES BACK TO BACK 

41. Angles are frequently used in pairs, the backs being 
placed either together or parallel to each other and a short 
distance apart. When two angles are used for a compres- 
sion member, it is necessary to know the radii of gyration 
of the shape about two axes passing through the center of 
gravity, one at right angles, and the other parallel to the 
adjacent backs of the angles. Tables XXIV, XXV, and 
XXVI give the radii of gyration about the two axes passing 
through the center of gravity of the section, for pairs of 
angles when placed in contact and also at distances of i, 
and 4 inch apart, respectively. Only values for the maxi- 
mum and minimum thicknesses of angles are given; those 
for any intermediate thickness can be found by interpolation. 

Example. — To find, from Table XXIV, the radius of gyration 
about an axis parallel to the adjacent backs of two 6'' X 6" X angles 
placed -i inch apart. 

Solution. — It is found, from the table, that the required radius of 
gyration for two 6" X X I'' angles is 2.68 in., and for two 6" X 6" X P 
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angles, 2.68 in. The dffierence in the thickness of these angles is | , or 
in., and the difference between the radii of gyration is 2.68 — 2.58 

= .10 in., or = .01 for each -jV ii^^ch increase in the thickness of the 

angle. The difference between the minimum thickness, | inch, and 
that of the angles that are to be used, f- inch, is -5^; then, the increase 
in the radius of gyration is .01 X 4 = .04, and the required radius is 
2.68 -{- .04 s= 2.62 in. Ans. 


OTHER BUIIiT-UP SHAPES 

42, standard Forms. — Fig. 5 shows the forms of 
built-up shapes in most common use. Forms (< 3 :) to (e) are 
composed of plates, angles, and channels, arranged as shown, 
and are used for upper chords and end posts. The vertical 
plates are called the web-plates; the angles that connect to 
their edges, the flanges; and the horizontal plate at the top, 
the cover-plate. 

Forms (/) to (/) are composed of simple shapes, arranged 
symmetrically as shown, and are used for lower chords and 
web members of trusses, and for columns in trestle bents. 
Forms {m) and (n) are composed of channels and I beams 
arranged symmetrically, and are used, to some extent, for 
columns for elevated railways. 

43. Properties. — When a built-up shape is used for a 
compression member, it is necessary to know the area of 
cross-section, and also the radii of gyration about two axes 
passing through the center of gravity of the cross-section, 
one of which is parallel and the other at right angles to the 
webs. The area of cross-section can be readily found by 
adding together the areas of cross-section of the different 
parts of which the shape is composed. The location of the 
center of gravity can be determined by the principles of 
statics, as explained in Analytic Statics, Part 2, and the radii 
of gyration can be found as explained in Strength of Materials, 
Part 2. There is so great a variety of built-up shapes that 
it is diflficult to prepare tables covering all the cases that are 
likely to occur in practice. In any particular case, the 
required quantities must be determined by calculation. 
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44. In order to find the radius of gyration of a section 
with reference to any axis, it is necessary to know the 
moment of inertia of the section about that axis. As 
explained in Stre7igth of Materials^ Part 2, the moment of 
inertia of a plane surface about an axis in the same plane 
and not passing through the center of gravity of the surface 
is equal to the sum of the moment of inertia of the surface 
about an axis through its center of gravity parallel to the 
given axis, and the product of the area of the surface and 
the square of the perpendicular distance from its center of 
gravity to the given axis. If 4 represents the moment of 
inertia of a surface about an axis not passing through its 
center of gravity, 4 its moment of inertia about an axis 
through its center of gravity and parallel to the first axis, 
the area of the surface, and the perpendicular distance 
from the center of gravity of the surface to the first axis, 
then, 4 = h-^A^y^ 

If I represents the moment of inertia of a surface com- 
posed of several smaller surfaces, and 4', 4", 4''', etc. 
represent the moments of inertia of tlie smaller surfaces 
about the same axis, then 

/ = 4 ' + 4 // + Iff! + . . . 

or, letting J 4 represent the sum 4' + 4" + 4'" + • . . 

7 = 2^4 ( 1 ) 

Also, substituting for 4 its value 4 + A^yl^ 

I (!, + A.yl) ( 2 ) 

Example 1.— A built-up section, arranged as shown in Fig. 6, is 
composed of the following simple sections: one cover-plate 26 in. 
X i in.; two upper flange angles 4 in. X 4 in. X f in.; two web- 
plates 20 in. X t in.; and two lower flange angles 6 in. X 4 in. X | in. 
To find: {a) the area of the section, and the location of the two 
axes y, parallel, and X'X, perpendicular, to the webs, and passing 
through the center of gravity of the section; (d) the moment of inertia 
about each of these axes; ( 0 ) the radius of gyration referred to each 
of these axes. 

Note.— T he vertical distance from the top surface of the upper flange angle to the 
bottom surface of the lower flange angle, 20^ inches in Fig. 6, is called the dlistance 
back to back of angrles, and is made i-inch greater than the width of the web- 
plate, to allow for irregularities in the latter. The horizontal distance between the 
web-plates, 15 inches in Pig. fi, is called the clear distance between Wfdba. 


iiflhn 


<fi-. 
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Solution.— (^z) As the section is symmetrical about the axis V' Vy 
half way between the webs, the center of gravity lies on this axis. As 
the section is not symmetrical about any axis at right angles to F' V, 
the location of the axis X, perpendicular to V' K, must be found by 
calculation. The areas of cross-section and the location of centers of 
gravity of the simple sections will be taken from the tables. As 



Pig. 6 


moments may be taken about any axis, it will be convenient to take 
them about an axis passing through the center of the cover-plate. 
The lever arms are shown at the right-hand side in Fig. 6. For 
example, the distance from the back of a 4" X 4" X f" angle to the 
center of gravity is given in Table IX as 1.23 in.; then, its lever arm 
is equal to the sum of 1.23 and one-half the thickness of the cover- 
plate, or 1.23 -f .25 = 1.48 in.; similarly for the other simple sections. 
The calculation is as follows: 


Sections 

One plate 26 in. X -i- in. 

Two angles 4 in. X 4 in. X I- in. 
Two plates 20 in. X I- in. 

Two angles 6 in. X 4 in. X fin. 
Total, 


Area From 
Tables 

Square Inches 


Lever 

Arm 


Moments 


= 13.00 0 0 

2 X 4.61 = 9.22 1.48 13.65 

2 X 12.5 = 25.00 10.38 259.50 

2 X 5.86 =: 11.72 19.47 228.19 


58.94 501.34 


Dividing the total moment (501.34) by the entire area (58.94) of thL 
section gives 501.34 58.94 = 8.51 in. from the center of the cover- 

plate to the axis X' X, Then, 8.51 — .25 = 8.26 in. is the distance 
from the axis X^ X to the back of the upper flange angles. Ans. 
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(^) The moment of inertia about the axis V^Y will first be found 


The lever arms jKi are plainly shown in Fig. 6. 

One Plate 26 in. X i in. 

4 (Table VIII) = 7323 

= 13X0X0 “ 0 

Two Angles 4 in. X 4 in. X f in. 

4 (Table IX) = 2 X 6.66 = 1 8.3 

=» 9 22 X 9.36* = 8 0 7.8 

Two Plates 20 in. X | in. 

4 “ 2X-rVx20X (!)• = .8 

= 26 X 7 81- = 1 6 2 4.9 

Two Angles 6 in. X 4 in. X f in. 

4 (Table X) = 2 X 21 07 . = 4 2.1 

Axy ' = 11 72 X 10 16» => 1 2 0 9.8 

Moment of inertia about Y =483 1.0 Ans. 


The moment of inertia about the axis X will now be found. The 
lever arms y^ are shown at the left-hand side in Fig. 6. 


One Plate 26 in. X i in. 

4«iVX26x(i)’ -= .8 

« 13 X 8.61- - 9 4 1.6 

Two Angles 4 m, X 4 m. X f in. 

4 (Table IX) = 2 X 6.66 = 1 3.3 

= 9.22 X 7.03* = 4 6 6.7 


Two Plates 20 in. X | in. 


4 (Table VIII) = 2 X 416.67 = 8 3 8.3 

A^y^^ = 26 0 X 1 87- = 8 7.4 


Two Angles 6 in, x 4 in, X I in. 

4 (Table X) = 2 X 7.62 = 1 6.0 

« 11 72 X 10 96* = 1 4 0 7.8 

Moment of inertia about X^ X = 8 7 6 4.3 Ans, 

(c) The radius of gyration is found by the formula r If r, 

and rM are the radii of gyration about Y* Y and Jf'AT, respectively, 
this formula gives 

r, = = ^|7^U = 8.67 in. Ans. 


rjt 


/3,764S 
\ 68 94 


7.98 in. Ans. 


Example 2. — A built-up section is composed of two web-plates 
16 in. X i in , and four flange angles 4 m X 4 in. X i- in , arranged as 
shown in Fig. 7. To find: («) the area of the entire cross-section; 
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(^) the location of the axes passing through the center of gravity, 
(^) the moment of inertia with respect to each axis; {d) the radius of 
gyration with respect to each axis. 



Solution —(a) The area of two plates 15 in. X J in is 15 sq in.; 
the area of four angles 4 in X 4 in X i in is 4 X 3.76 «= 15 sq m. 
Then, the area of the entire section is 

16 + 15 == 30 sq. in. Ans. 

(d) As the section is symmetrical, the axis K' K is 6 in from the 
inside surface of each web, and the axis X is 7f m. from the backs 
of the flange angles. Ans 

{c) The distances from AT' X to the center of gravity of the various 


angles is shown at the right in Fig. 7. 

Two Plates 16 in. X i in. 

/, (Table VIII) = 2 X 140 63 = 2 8 1.3 

Four Angles 4 in. X 4 in. X i in 

/, (Table IX) « 4 X 6 66 = 2 2 2 

= 16 X 6.46“ = 6 2 4.0 

Moment of inertia about Af' AT . ....... = 92 7 6 Ans 


The distance from Y' Y to the center of gravity of the angles and 


webs is shown on the lower side m Fig. 7. 

Two Plates 16 in. X i in. 

/. »-lVxl5x(i)“ - .8 

= 15 X 6.26* =» 4 1 8.4 

Four Angles 4 in X 4 in. X i m. 

/, (Table IX) = 4 X 6 66 » 2 2 2 

« 15 X 6 68* = 6 6 9.3 

Moment of inertia about Y^ Y =1106. 2An« 
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(rf) r„ »= =. => -sSolS = 6.66 in. Ans. 

rj = = V36 84 = 6 07 in. Ans. 

Example 3. — A built-up section is composed of four 6'' x X 

angles arranged as shown in 
Pig. 8. To find: (a) the area of 
the cross-section, {d) the moments 
of inertia with respect to axes 
through the center of gravity, 
{c) the radii of gyration with re- 
spect to the same axes. 

Solution —(a) The area of the 
cross-section is equal to 
4X4 « 16sq. m. (Table X). 

Ans. 

(b) As the section is symmet- 
rical, its center of gravity is its 
center of S5mimetry. 

The moment o£ inertia with respect to the axis X' AT is as follows: 

Four Anclks 6 m. x S'J- in. X ■J’ in. 

/, = 4 X 9.99 39 9e 

= 16 X 2.04* a 33,59 

106.66 Ans. 

The moment of inertia with respect to the axis VYis as follows: 
Four Angles 6 in. X 8^ in. X i in. 

- 4 X 4.06 18 20 

Aiyx* = 16 X 6.22* 435.97 

^2 17 Ans. 

W n, » = VSlIeS - 2.68 in. Ans. 

♦> “ in. Ans, 

The radius of gyration with respect to the axis X could in this 
example have been found from Table XXVI, as the radius of gyration 
of the four angles with respect to this axis is the same as that of two 
angles. In Table XXVI, the radius of gyration for two angles with 
the short legs parallel and f in. apart is given in the column headed r^\ 
that for two angles 6 in. X Sj- in X A m is 2.64 in.; and that for 
two angles 6 in. X m X f in. is 2 66 in. The difference in thick- 
ness of these angles is in , and the difference between their radii 
of gyration is .11. The difference in thickness between ^ i is -A*; 


^ I i 4 M I V i 


T 



r' 

Pig 8 
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then the difference between the radii 
which added to 2 64 gives 2 68 in , as before 


of gyrrfl^i ’is/i 

efore. "‘Hfr ,t j “ - 


45. Remarks on Example !• — In example 1 of 
Art. 44, it will be seen that the radius of gyration r, with 
respect to Y is greater than the radius rx with respect to 
the axis X\ also, that the clear distance between webs 
{c, Fig. 6), is approximately equal to three-fourths of the 
distance W back to back of the flange angles. It can 
be shown that, for the sections («), {b), (r), and (d), 
Fig. 6, ry is invariably greater than rx when c is greater 
than 4 IV, Therefore, if, as is usually the case, only the 
least radius of gyration is required, it is unnecessary to 
compute ry if c is greater than f IV. This relation does 
not hold for section (<?), for which both radii of gyration 
must be computed in order to find the smaller. It will also 
be seen that rx is approximately equal to f JVy and it may 
be shown that this relation is true in almost all cases for 
the forms (a), (3), (c), (<a?), and (e). This is convenient in 
approximate calculations, and^s made use of in designing 
before the final cross-section of a member has been found. 


46. Remarks on Example 2. — In example 2 of 
Art. 44, It will be seen that ry is greater than and that c 
is approximately equal to I JV, It may be shown that, if 
only the least radius of gyration is required, it is unneces- 
sary to compute ry if c is greater than f JV, for the forms (/) 
and ( A) , Fig 6, and, if c is greater than J JV, for the forms ) 
and (z) For approximate calculation, the least radius of 
gyration for the forms (/), (^), (/z), and (z) will be and 
may be taken equal to i W^if ^ and H^bear the proper relation, 
that is, if c is greater than I JV^ for the forms (/) and {k), 
and greater than i W for the forms (g) and (z). 



ported length / of a compression member to its least radius 
of gyration r shall not exceed a certain number, gener- 
ally from 80 to 120. The approximate relations stated in 
the two preceding articles afford a ready means of calculating 



jS09I 


Ki3e>C 



30 


BRIDGE MEMBERS AND DETAILS 


§72 


the smallest allowable width W and clear distance c between 
webs of compression members when the greatest allowable 

value of “ is known. For example, if it is specified that - 
r f 

shall not exceed 80, then, for the maximum allowable value 

of the ratio, - = 80, and r = 7^. For a member whose 
r 80 

length in 25 feet, or 300 inches, r = 300 -• 80 = 3.75 inches. 
If the form (/), Fig. 5, is used, ris approximately equal to 3 JV; 
and, as r is 3.75 inches, = 3 X 8 75 — 11 25 inches, and 
c ^ 11.26 = 7.6 inches. In this case, would probably 

be made 12 inches or more, and Cy 8 inches or more, accord- 
ing to other details. 

48. In the forms (;)» and (w), is invariably less 

than ryy and in the forms {k) and (/), ry is invariably less 
than Tx] only the former need be computed if only the least 
radius of gyration is required. 

49. The forms shown in Fig. 6 are frequently modified 
by the addition of other simple sections, principally plates. 
The methods of calculation are precisely the same as 
described in the preceding articles, and should present no 
further difficulty. It should be remembered that, in finding 
the radius of gyration of a built-up section, both values 
should be found if there is the least doubt as to which is 
the smaller. 

60. Location of Center Line. — As already explained, 
when the stresses in the members of a truss are to be deter- 
mined, each member is represented by a line. These lines 
are called the center lines of the members For vertical 
and inclined members, the center line passes through the 
center of gravity of the section; for chord members, the 
center line lies close to the center of gravity, but does not 
pass through it. The distance from the center line of a 
member to the center of gravity of the cross-section of the 
member is called the eccentricity of the member. The 
center line of a built-up chord member is located below the 
center of gravity in compression members ^ and above the center ot 
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gravity in tension members ^ the eccentricity beingf such that 
the bending moment on the member due to the eccentricity 
of the stress shall be equal and opposite to that due to the 
weight cTf the member. 

The eccentricity <?, for chord members, is found by dividing 
the bending moment M„ of the member due to its own 
weight by the total stress 5 in the member; that is, 

( 1 ) 


If W and / are, respectively, the weight and length of the 
member, then (see Strength o{ Materials, Part 1), 


ytf; =. 


8 


This value in formula 1 gives 


e = 


Wl 

8S 


( 2 ) 


If the weight of the member per foot is denoted by a/, 
then W w I, and, therefore, 

85 


e = 


^ ( 3 ) 


Examplb,— The gross section of a member whose length is 20 feet 
is 20 square inches. To find the eccentncity of the center line if the 
total stress is 200,000 pounds. 

Solution — As the gross section of the member is 20 sq. in., its 
weight per linear foot is 20 X 3.4 = 68 lb. (Art. 16), and, therefore, 
applying formula 3, 


BIVETING, I^TTICE BARS, AND TIE-PLATES 

61. Riveting. — Wherever two portions of a built-up 
member come in contact, a row of rivets is driven, as repre- 
sented in Fig. 9, in which {a) is the top view or plan, {b) the 
side elevation, (^) a horizontal section g q and bottom view, 
and (if ) a vertical section of a short piece of an upper chord, 
and in Fig. 10, which is a short piece of a compression web 
member, (a), (^), (c), and (if), representing the same views 
as in Fig. 9 — that is, a top view, side elevation, longitudinal 
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section and bottom view and cross-section, respectively. 
The vertical legs of the flange angles are riveted to the webs 
with rivets located on the gauge lines ee, Fig. 9 {b) and 
Fig. 10 (3), of the angles; the cover-plate is rivetAi to the 



horizontal leg:s, frequently called the outstanding legs, of 
the upper flange angles with rivets located on the gauge 
lines // of the angles, Fig. 9 («) and Fig. 10 («). For a 
short distance at each end, near where the member connects 
at the joint, as shown at the left end of Figs. 9 apd 10» 


M ? if i i 1 ' 
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rivets are spaced about 3 inches apart; for the remainder of 
the distance, they are usually spaced 6 inches apart. The 
rivets in the horizontal legs of the flange angles are usually 
ocated half way between those in the vertical legs, to facili- 



tate driving them; this is called stagfgerln^ the rivets in 
the two legs. 

62, Ijattice Bars. — The open sides of built-up members 
are connected to each othei by diagonal bars whose ends 
are riveted to the outstanding legs of the flanges, as shown 


I LT 335—4 
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in Fig. 9 and in Fig. 10 (a:) and (^). These diagonals 
are called lattice bars. In Fig. 9 {c)y the bars cross each 
other and are riveted at the intersection; this construction is 
called double latticing. The method of latticing shown in 
Pig. 10 (a) and (c) is called single latticing. In double 
latticing, the flange is divided into a number of equal spaces 
of such length that the lattice bars will make an angle of 
about 46® with the axis of the member; m single latticing, 
the flange is divided into a number of equal spaces of such 
length that the lattice bar will make an angle of about 60® with 
the axis of the member. The longitudinal distance, or dis- 
tance parallel to the axis of the member, between the 
connections of the ends of a lattice bar is called the pitch.. 

The distance c between the centers of the holes in the ends 
of a lattice bar can be found by the formula 

c = V/" + 6* 

in which d = transverse distance between gauge lines of 
rivets that connect lattice bars to flanges; 
p = pitch of latticing. 

63. Lattice bars are made from flat bars from 2 to 4 inches 
in width and from i to f* inch in thickness; the ends are 
rounded to eliminate sharp protruding comers. It is usu- 
ally required that the thickness of lattice bars shall be not 
less than one-fortieth of the distance between the centers of 
the rivets that connect them to the flanges for single latticing, 
or one-sixtieth for double latticing. No formula can be given 
from which to determine when to use single and when double 
latticing; nor is there any formula for the size of lattice bars. 
These matters are controlled largely by practice, and depend 
to a great extent on the width of the member. An approxi- 
mate rule that agrees fairly well with practice is to use single 
latticing in all cases where the bars are less than about 
16 Inches in length, and double latticing in all other cases. 
The usual locations of the latticing are shown by dotted lines 
in Fig. 6. 

54 . Tie-Plates. — For a short distance at each end of a 
built-up member, near where it is connected at the joints, the 
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latticing IS omitted and the flanges are connected by tie- 
plates, as represented at /, Fig 9 (^) and Fig. 10 (a) and (c). 
These plates are placed as close to the ends of the members 
as the connections will permit, and are usually made from 
one to two times as long as they are wide, and from i to 
i- inch in thickness The plates are connected to the flanges 
by rivets spaced from 3 to 4 inches apart. The sizes and 
lengths of tie-plates depend, to a great extent, on practice. 
They are used in connection with lattice bars to keep the 
stress evenly distnbuted between the sides of the member. 


GROSS AND NET SECTIONS 

55. Definition. — The areas of cross-sections that have 
been used in the preceding articles are the gross areas, 
commonly called gross sections. When a portion of the 
sectional area of a built-up member is cut away for any pur* 
pose, the section is decreased, and the remainder is called 
the net section. In the case of rivet holes, as they are com- 
pletely filled with rivets, the member offers about as much 
resistance to compression after the rivets are driven as before 
the holes were punched, and so the gross area is available 
in resisting compression, except where there are pinholes 
and bolt holes; as these are not completely filled, their areas 
must be deducted. Rivets, bolts, and pins cannot transmit 
tension from one side of the hole to the other, however, and 
so only the net section is available in resisting tension. 

56. Deduction of Holes. — In findmg the net section of 
a member, it is customary to deduct from the gross section 
the area of cross-section of the largest number of holes 
that can be cut by a plane at right angles to the axis of the 
member. As the holes are tV inch larger in diameter than 
the rivets, and as the metal immediately surrounding the 
holes is somewhat injured by punching, it is common prac- 
tice to deduct for each hole the area of cross-section of a 
hole i inch larger in diameter than the rivet. Tab|e XXVII 
gives the area of section to be deducted for each hole fox 
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rivets from to 1 inch in diameter and material i inch to 
li inches m thickness; the areas are found from the formula 
A = i{d+i inch) 

in which A = area, in square mches; 

d = diameter of rivet; 
t = thickness of metal. 

For example, the plane Fig. 10, cuts four rivets — two 
shown in the figure and the two corresponding on the other 
side — each of which passes through a web and a flange angle. 
Then, in order to get the net section, there must be deducted 
from the gross section the areas of four holes in the webs 
and four holes in the angles. Suppose that the webs 
are i inch thick, angles s inch thick, and rivets i inch in 
diameter. From Table XXVII, it is seen that, for a 1-inch 
rivet in material i inch thick, there must be deducted 
.50 square inch, and in material f inch thick, .626 square inch; 
then, the total area to be deducted in this case is 

(4 X .60) + (4 X .626) = 4.6 square inches 

If the gross section is 36 square inches, the net section will 
be 36 — 4,6 = 30.6 square inches. 

67. It is evident also that, if a rivet lies very close to 
the plane that cuts the rivets just referred to, the section 
shall be still further decreased. For such cases, the follow- 
ing rule has been found in actual practice to give fairly 
accurate results for rivets i inch in diameter or larger: 

Buie. — To find the net secho7i of a built-up member when the 
gross section is knowiiy consider the member cut by a plane at right 
angles to the member in such a position that it will pass through 
the centers of the largest number of rivets; deduct from the gross 
section the area of cross-section of one hole for each rivet whose 
center lies within I inch of the plane ^ and a proportionate part 
of one hole for each rivet whose center lies within 2i inches. 

For example, if the center of a rivet is i inch from the 
plane, the entire area for one hole is to be deducted; if 
li inches, one-half the area for one hole; if 2i inches, 
one-quarter the area; and if 2i inches, no deduction is to 
be made. For rivets i mch in diameter or smaller, the 
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foregoing limits, f inch and 2i inches, should be changed 
to i inch and 2 inches, respectively. 

Example — A tension member consisting of one plate 12 in. X -A" m, 
has Its section reduced by 
the group of ^-inch rivets 
shown m Fig 11 Find 
{a) the gross section of 
the plate; (d) the net sec- 
tion 

Solution — (a) The 
gross-section of a plate 
12 in xAm (Table VI) 

IS 6 76 sq m Fio 11 

{d) Consider the plate cut by the plane pp that passes through 
tne centers of three nvets The area to be deducted for one -J-inch 
rivet in material inch in thickness is, from Table XXVII, 663 sq in , 
as there are three nvets cut by the plane, the deduction for them is 
3 X 663 = 1 689 sq m In addition, there are two rivets whose 
centers he 2 inches from the plane, for each of which, according to 
the rule, there must be deducted three-eighths of the area for one 
nvet, the deduction for these holes is, then, 2 X f X 663 = 422 sq. in. 
Then, the total deduction is 1.69-1- 42 = 2 11 sq in., and the net 
section is 

6 76 — 2 11 = 4 63 sq in. Ans. 

If the plane is considered instead of p p, it can be seen that there 
are four nvets whose centers are 2 in from the plane In such a case, 
when the nvets are on different sides of the plane, it is customary to 
consider only those on one side. 

68. Countersunk Rivets. — The holes for countersunk 
rivets are larger than those for nvets with full head. The 
last line in Table XXVII gives the amount by which the 
area of cross-section of a rivet hole is increased for a counter- 
sunk head for rivets from i to 1 inch in diameter. In finding 
the net section of a member in which there are countersunk 
heads, these additional areas should be allowed for. 

EXAMPLES FOR PRACTICE 

1. From Table XXVI, find the radius of gyration with respect to 
an axis parallel to the adjacent legs and half way between them for: 
(fl) two 4" X 3" X angles with the short legs ^ inch apart and 
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parallel, (d) two 6" X 4" X -J" angles with the short legs -f- inch apart 
and parallel / {a) 2 01 m 

I [b) 3.09 in. 


2 The built-up section shown in Fig 12 is composed of one 20" X -J-" 
plate and two 16-inch 40-pound channels arranged as shown. Find: 
(a) the distance of the center of gravity from the upper flanges of 

the channels; (b) the moment of 
inertia with respect to the axis 
(£“) the moment of inertia with re- 
spect to the axis F' y, (cf) the radius 
of gyratfon with respect to the axis 
(e) the radius of gyration with 



respect to V' V, 


Ans 


(a) 5 19 in 

b) 1,117 m.-^ 

c) 1,433 in.* 

d) 6.77 in. 
(^) 6,64 m. 


8 The built-up section shown in Fig 
16" X 1^' plates and four 4" X 4" 

X 1^' angles, arranged as shown. 

Find, (a) the moment of inertia with 
respect to the axisX^X, {b) the mo- 
ment of inertia with respect to the 

axis y y, (^:) the radius of gyra- 

hon with respect to the axis X^ X, 

{d) the radius of gyration with re- 


spect to y' y. 


Ans. 


(a) 1,331 m.* 
\b) 1,411 m * 
W 6 88 in. 
(aO 6 06 in. 


13 is composed of two 



i-' 


4. A tension member consisting Pio is 

of two 12-lnch 30-pound channels has its sectional area reduced by the 




group of J-inch rivets shown in Pig 14, in each web. Find the net 
section of the member. Ans 14.96 sq. in. 
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6. A tension member is composed of two plates 15 in xi and 
8 m. X A in , respectively, and four angles 3} in. X S-J- in. X A in , 



Spaces- 


Fio 16 

arranged as shown in Fig 15. Find the net section if the nvets in 
each side are inch in diameter and spaced as shown. 

Ans 82.10 sq. in. 


PINS, BTEBAR8, AND LATERALS 


PINS 

69, Truss Pins and Nuts. — In pin-connected trusses, 
a large circular hole is bored at right angles to the truss 
through each member that connects at a joint, and a pm, 
somewhat resembling a large bolt, and having a diameter 
about -sV inch less than that of the hole, is passed through 
to hold the members in place. The projectmg ends of the 
pin are smaller in diameter than the body of the pin, and a 
large nut is turned on to each end to keep the members 
packed together. 

The distance between the outside surfaces of the outside 
members that connect at a joint is called the grip of the pin. 
In order to give the outside members a good bearing, the 
main body of the pm is made about i inch longer at each 
end than the grip, and the nuts are recessed so that they 
enclose the projecting ends and bear firmly against the 
outside members. 

Table XXVIII gives the standard dimensions of screw ends 
and nuts for truss pins varying m diameter from 2 to 8 inches. 

60. Lateral Pins. — For the connections of members of 
lateral and sway systems in pin-connected trusses, a pin 
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without nuts, often called a lateral pin, is sometimes used, 
although the type of pm described in the preceding article 
is to be preferred. Lateral pins are turned from rods of 
slightly larger diameter than the required diameter of the 
pin, leaving a shoulder at one end; the other end is tapered 
slightly to facilitate passing the pin through the hole. The 
tapered end is held in place by a split key called a cotter 
pin. Table XXIX shows the dimensions of heads and 
cotter pins for the usual sizes of lateral pins. 


et]b:bars 

61. General Description and Properties. — The 
principal dimensions of eye bars, a special form of ten- 
sion member used in pm-connected trusses, are given in 
Table XXX. These bars are first rolled to uniform width 
and thickness, then the ends are heated and upset to circu- 
lar forms called heads, the thickness remaining the same. 
Holes are bored in the heads so that they can connect to the 
pins at the joints. The sizes of heads given in the table 
were determined from the results of numerous experiments on 
eyebars, and are those that have proved in actual practice to be 
sufificient to develop the full strength of the respective bars. 
In designing tension members for pm-connected trusses/ it 
is, therefore, simply necessary to consider the strength of the 
body of the bar, as the heads will be strong enough. 

The right-hand column of Table XXX gives the additional 
length U of bar required beyond the center of the pin hole 
to form one head. The widths given in the first column 
of the table are standard widths and no others should be 
used in designing. The thicknesses given in the second 
column are the minimum thicknesses; any greater thickness 
cau be obtained. 

When thicknesses greater than about 2 inches are required, it 
is customary to use two or more bars side by side. The diam- 
eters of pmholes given in the fourth column are the largest 
holes that can be bored in the heads of the respective bars with- 
out decreasing the strength Any smaller hole may be used. 
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Example — An eyebar 6 inches wide and 1 inch thick connects to 
two pms 6 inches m diameter and 18 feet 6 inches center to center. 
To find the required length of bar before upsetting the ends to form 
the heads. 

Solution — It will be seen from Table XXX that the first 6-inch bar 
cannot have a pm larger than 5-|- in m diameter m its heads, so it is 
necessary to consider the second. This allows a pm 6^ m m diam- 
eter, and, as the pins m the example are 6 m., this size of head may 
be used In the right-hand column, the additional length necessary 
to form one head is given as 2 ft 3 in., as there are two heads, the 
length of the bar before upsetting is 

18 ft 6 m -j- 2 X (2 ft. 3 m ) =s 23 ft Ans. 

62. Adjustable Byebars. — When there are two diago- 
nals in the same panel, that is, a main diagonal and a coun- 
ter, it IS diflScult to manufacture them so that all the holes 
in their ends will exactly fit the pins In such cases, it is 
customary to make the counter adjustable; that is, to manu- 
facture It in such a way that its length can be slightly 
increased or decreased, if desired. Table XXXI gives the 
principal dimensions of adjustable eyebars; they are used 
in pairs, one end of each bar having a flat circular head and 
pinhole, as given in Table XXX, and the other an upset 
screw end, as given m Table XXXI. The additional length 
of bar necessary to form an upset screw end is given m 
Table XXXI; that necessary to form a flat circular head may 
be taken from Table XXX. Owing to the method of manu- 
facture, it IS impossible to get an adjustable eyebar less than 
about 7 feet in length; for this reason, in designing, it is well 
to make one end of an adjustable member about 7 feet long. 

63. Turnbuckles. — The screw ends of the two adjust- 
able eyebars that form a counter are brought to within 3 mches 



of each other and connected by means of an appliance called 
a tiirnbuckle (see Fig. 16). The bars are screwed into the 
tumbuckle until the member has the desired length. The 
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threads on the ends of the two bars run in opposite directions, 
so that, by twisting the turnbuckle, the length of the member 
may be increased or decreased as desired. Table XXXII 
gives the principal dimensions of the turnbuckles that are 
most used in bridge work at the present time. They are 
called open turnbuckles, to distinguish them from less 
desirable forms, called closed turnbuckles, that resemble 
long nuts. Turnbuckles are made of wrought iron, and are 
manufactured of such dimensions as will give them greater 
strength than the bars for which they are designed. 

Example — A counter connects to two Sf-inch pms, 22 feet center 
to center, and is composed of a pair of adjustable eyebars 4 inches 
wide and inch thick What is the length of each part before 
upsetting? 

Solution.— The short end, after upsetting, will be 7 ft long, and 
the other end, 22 ft - 7 ft 3 in. = 14 ft 9 in long Table XXXI 
gives the additional length necessary to form a screw end as 1 ft. -J in.; 
Table XXX gives the additional length necessary to form a flat circular 
head as 1 ft 6-J- in. Then, the onginal length of the short end is 
7 ft + 1 ft. i in + 1 ft. m =9 ft 6i in 
and that of the long end is 

14 ft. 9 in. + 1 ft. f in. + 1 ft. 6^ in. = 17 ft. 3-J- m Ans. 


LOOP-WELDED AND IxA^TERAL BODS 

64. Loop-Welded Bods. — Fig. 17 shows another form 
of member sometimes used for counters and lateral rods, 
although it is being superseded by the adjustable eyebar. 
It is called a loop-welded x*od, and is made from a straight 



Pig. 17 

square rod; one end is upset for a screw end, and the other 
made in the form of a loop by bending around a circular pin 
and welding the free end to the main body of the bar. On 
account of the diflSculty and uncertainty in welding steel, 
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these rods are usually made of wrought iron They are 
used in pairs connected by a tumbuckle m the same way as 
adjustable eyebars. The additional length of rod required 
to form an upset screw end can be found from Table III; 
that required to form a loop end is given approximately by 
the formula 

L = 3.76 ( D) 
in which W — width of bar, in inches; 

D = diameter of pin, in inches; 

L — additional length beyond center of pm hole, 
in inches. 

Example. — A loop-welded counter consisting of a 2-itich square 
rod connects on two 4-mch pins 21 feet apart To find the required 
lengths of straight rod to form the member 

Solution — One end may be made 7 ft long, and the other 21 ft 
““ 7 ft 3 in , or 13 ft 9 m long Table III gives the additional length 
to form an upset screw end as 4-} m By the formula, the additional 
length to form a loop end is 3 76 X (4 + 2) = 22 60 in , or 1 ft 10^ in. 
Then, the length of the short piece must be 

7 ft. + 4| in + 1 ft 10^ in. = 9 ft Si in., 
and that of the long piece, 

13 ft. 9 m + 4i in. + 1 ft IQi in = 16 ft. i in. Ans. 

65. Lateral Bods. — ^Table XXXIII gives the principal 
dimensions of flat circular heads, similar to eyebar heads, 
for square and round rods, as sometimes used for the con- 
nection of members of lateral and sway systems. When so 
used, the rods are sometimes made in one piece, with a head 
at each end, and sometimes in two pieces, connected by a 
tumbuckle. In the latter case, there should be 3 inches 
between the ends of the pieces for adjustment. As m the 
case of adjustable eyebars, it is well to make one end shorter 
than the other, but the short end she uld be not less than 
7 feet in length 

66. Clevises. — Table XXXIV gives the principal dimen- 
sions of olevises used for connecting lateral rods to pins to 
which other lateral rods connect. Instead of forming a head 
on the end of the rod, an upset screw end is formed, which 
is screwed into the clevis. 



44 


BRIDGE MEMBERS AND DETAILS 


§72 


67. Types of Lateral Rods. — Various combinations are 
used for lateral rods, such as a single rod with fiat circular 
heads, as in Fig. 18 (a); a pair of rods with flat circular 
heads and connected by a turnbuckle, as m Fig. 18 {b)] a 
single rod with clevises at both ends, as in Fig. 18 (c), and 


(a) 



(c) 

Fig 18 

a pair of rods with clevises at one or both ends and con- 
nected by a turnbuckle. The type used depends on other 
details. Lateral rods are being superseded by single angles 
or built-up members. It is found in practice that the latter 
are stiffer than lateral rods and therefore more desirable. 






EXAMPLES POR PRACTICE 

1. An eyebar 6 inches wide and ^ inch thick connects to two pins 
6 inches in diameter and 20 feet center to center Find the required 
length of bar before upsetting the ends to form the heads. Ans. 24 ft. 

2 A counter connects to two 3-J-inch pins 27 feet center to center, 
and IS composed of one pair of 3^' X f '' eyebars connected by a turn- 
buckle Find the length of each part before upsetting. 

^°®*122 ft. 2 in. 

3 A loop-welded counter consisting of a 2j-inch square rod con- 

nects to two 8-mch pins 30 feet apart. Find the required length of 
each part before the loops are formed. J 9 ft. in 


§72 


BRIDGE MEMBERS AND DETAILS 


45 


WORKING STRESSES 

68. Introductory. — In Strength of Materials^ Part 1, 
the nature and use of the ultimate strength and factor of 
safety were explained. At one time, it was not an uncommon 
practice to use the ultimate strength and factor of safety in 
the design of bridge members^ At present, however, it is 
common practice to make use of certain allowable intensities 
of stress, called working stresses, which vary according to 
the different kinds of stress and the different conditions of 
loading The stresses are based on the results of experi- 
ments, and are so chosen as to allow a sufficient factor of 
safety without further reference to it. The allowable work- 
ing stresses are usually stated in bridge specifications, which 
require that all parts shall be so designed that the maximum 
stresses will not cause the actual intensities of stress to 
exceed the working stresses 

69. Tension. — The intensity of tensile stress in any 
member is found by dividing the total stress by the net area 
of cross-section of the member. For example, if the total 
stress in a member is 100,000 pounds tension, and the net 
section is 10 square inches, the intensity of stress is 

100.000 -s- 10 = 10,000 pounds per square inch. In design- 
ing, the required net section of a tension member is found 
by dividing the total stress by the allowable working stress. 
For example, if the total stress in a member is 288,000 pounds 
tension, and the working stress for tension is 16,000 pounds 
per square inch, the required net section of the member is 

288.000 — 16,000 = 18 square inches. 

70. Compression. — The working stresses allowed in 
compression for short members are usually the same as 
those in tension. For members whose length is greater 
than eight times the least diameter (that is, the least trans- 
verse dimension), the allowable working stress is reduced 
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to provide for the tendency of the column to buckle or bend 
sidewise. In Sirejigth of Mateiials, Part 2, it was explained 
that a column with fixed ends is stronger than one with the 
ends hinged or not fixed The compression members of pm- 
connected trusses, except the top chord when made con- 
tinuous, are hinged or free to turn around the pins in their 
ends The compression members of riveted trusses are fixed 
in direction at the ends by being riveted to the gussets or 
connection plates at the joints, and are, therefore, theoret- 
ically stronger than pin-connected columns. When riveted 
trusses deflect, however, the gussets or connection plates tend 
to twist, and this twisting produces bending in the members 
that connect to the gussets, giving rise to what are known as 
secondary stresses, whose magnitudes cannot be computed, 
On this account, the advantage of riveted columns over pin- 
connected columns in bridge work is ignored, and the same 
reduction formula is used to find the allowable working stress 
in both forms. 


71. Various formulas for compression are in use at the 
present time, all of them being based on the ratio of the 
unsupported length of the column to the least radius of gyra- 
tion of its cross-section. The formula now most frequently 
used in practice has the following general form: 

s 


Sc = 


1 + 


cr^ 


r = 
c = 


in which Sc = allowable working stress for column; 

/ = unsupported length of column; 

least radius of gyration of cross-section; 
a constant determined by experiment. 
Different specifications give different values for j and c. 

In Bridge Specihcaiionsy s is taken as 16,000 pounds per 
square inch, and c, as 18,000. The formula then becomes 

16,000 


Sc = 


1 +- 




18,000 r* 

The values of / and r should be given in the same units; 
that is, both should be in feet, or both in inches* ’ 




r S 
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example, if I is 12 feet, or 12 X 12 = 144 inches, and r is 


3 inches. 


Sc = 


16,000 


1 + 


144 X 144 


18,000 X 3 X 3 


16,000 

1.128 


14,180 lb. per sq. in 


Table XXXV g-ives the values of Sc for various values of 

r 

72. In designing compression members, it is customary 
to decide on the general form of the cross-section, and then 
determine the approximate value of the radius of gyration 
and dimensions of the section, as explained in Art. 47; the 
length of the member is generally known, and the approxi- 


mate value of - can be computed. The allowable working 
r 

stress corresponding to this value of - is then found from 

r 

Table XXXV, and the required area of cross-section found 
by dividing the total compression by the allowable working 
stress. With this area as a basis, the cross-section is deter- 
mined, Its radius of gyration and the actual value of - are com- 

r 

puted, and the working stress corresponding to the corrected 

value of - IS found from Table XXXV. The area of cross- 
r 

section IS then revised, if necessary, to make it correspond 
with the new working stress. 


Example — The total compressive stress in a member 20 feet long 
IS 281,000 pounds, and the approximate value of the radius of gyration 
is 4 8 inches What is the tnal value of the area of cross-section of 
the member that would be used in designing? 

Solution — The length of the member is 20 ft , or 20 X 12 = 240 in 
/ 240 

The value of - is ^ = 50. Consulting Table XXXV, the working 

stress corresponding to a value of 60 for ^ is found to be 14,050 lb per 

sq. in. Then, since the total compressive stress is 281,000 lb , the 
required area of cross-section is 

281,000 ^ 14,060 = 20 sq in. Ans 


73. Shearing. — The intensity of shearing stress on any 
member subjected to a shearing force at right angles to its 
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length is usually found by dividing the stress by the area of 
cross-section of the member. In designing, the shearing 
stress and the allowable working stress are known, and the 
required area of cross-section is found by dividing the shear- 
ing stress by the working stress. 

74, In wide thin plates subject to a shearing stress m 
the plane of the plate, there is a tendency to buckle, or 
bend outwards, and when the intensity of stress is sufficient, 
this is resisted by stiffening angles a, a, a. Fig 19, riveted to 

the plate and parallel 
to the direction of 
the shearing stress. 

The allowable 
working stress for 
shearing in wide 
plates is found by 
means of a formula 
similar to the formula 
used in finding the working stress for compression. Different 
engineers make use of different formulas, the one most used 
in bridge work at the present time being 

12,000 

— -- 

1 H 

3,000 

in which = working stress; 

t = thickness of plate, 

d = width of plate, or, if plate is stiffened by angles 
closer together than width of plate, the clear 
distance between the stiffener angles, as 
shown in Fig 19. 

For example, if a plate 24 inches wide and i inch thick, 
with no stiffeners or with stiffeners farther apart than 
24 inches, is subject to a shearing stress, the allowable 
working stress for shear is 
12,000 

1 I 24 X 24 
3,000 X .5 X .5 



Ss = 


= 6,790 lb. per sq. in. 
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If, however, the stiffeners are closer together than the 
width of the plate, say 12 inches apart, the allowable work- 
ing stress for shear is 

= 10,070 lb. per sq. in, 

i , 12X12 

3,000 X. 6 X 6 

75. Table XXXVI gives curves that show the allowable 
working stresses in plates from i to 1 inch in thickness, and 
from 0 to 100 inches in width, calculated from the formula in 
Art. 74. To find by means of the curve the allowable work- 
ing stress m the first case considered above, we glance at the 
left-hand side and find 24, corresponding to an unsupported 
width of 24 inches; we then glance horizontally across to the 
curve for a ^-inch plate, marked i, and then vertically down- 
wards to the bottom line, on which we find 6,800, which is 
the allowable working stress, in pounds per square inch. 

In the case of plate girders, the fiange angles are riveted 
to the edge of the web, and the unsupported distance is 
taken equal to the clear distance between the vertical legs 
of the flange angles, or between stiffeners, whichever is the 
smaller. 

7 6. Bendings. — The allowable working stress in bending 
on rolled sections is usually the same as that allowed in 
tension When the unsupported length of the compression 
portion is greater than a certain number of times its width, 
usually twenty times, it is customary to decrease the allow- 
able working stress in compression by means of some 
reduction formula. A formula for this purpose will be 
given elsewhere. 


ILT 335—5 
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EIVETBD JOINTS 


RIVET VALUES 

Noth. — The tables referred to in this Section are found in Bridge 
Fables, 

1. Introductory. — Rivets are used for two principal pur- 
poses; namely, to hold the several parts of a built-up member 
together so as to make them act as one piece, and to trans- 
mit stress from one member or part of a member to another. 
In the first case, the stresses on the rivets are not calculated; 
the rivets are spaced according to established practical rules 
that will be given in Bridge Specihcaiiom In the second 
case, the stresses on the rivets and the number of rivets 
required to transmit given stresses must be computed in 
order that the allowable stress on a rivet may not be exceeded. 

It has been found by experiment that, when the spaces 
between centers of rivets are less than three times the 
diameter of the rivet, and the rivets are not nearer the edge 
of a plate than one and one-half times the diameter, the only 
conditions of strength that must be considered are the 
resistance offered by the rivet to shearing on one or more 

OOPYRIQHTED BY INTKNNATIONAL TKXT»OOI( COMPANY ALL RIQHTB REBCRVKD 
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sections between the members connected, and the resistance 
to crushing: offered by the plates bearing on the rivets. 

2. Friction of Riveted Joints. — As explained in 
Bndge Members and Details^ Part 1, rivets are driven hot, and 
in cooling contract and hold firmly together the parts through 
which they pass. This causes a certain amount of friction 
between the parts, which helps to transmit stress from one 
member or part of a member to another. It is impossible to 
determine with any certainty how great this friction is, and it 
IS customary to ignore it in the design of riveted joints, the 
shearing and bearing resistances alone being considered. 

3. Shearing Value. — The maximum shearing stress 
that IS allowable on a rivet is called the shearing value of 

the nvet, or the value of the 
rivet, in shear. If a rivet 
connects two plates, as 
represented in Fig, 1, the 
stress in one plate is trans- 
mitted to the other by means 
of the rivet, and the area 
subjected to shear is the area of cross-section of the nvet. 
As there is but one section c of the rivet subjected to shear, 
the rivet is said to be in 
single shear. When a 
rivet connects two members, 
as represented in Fig. 2, the 
nvet is subjected to shear at 
two sections d and e, and is 
said to be in double shear. 

In calculating the area of 
cross-section of a rivet, the nominal diameter is used. 

The shearing value of a rivet is found as follows: 

Rule . — To find the value oi a rivet in single shear ^ multiply 
the area of cross-section of the nvet by the allowable intensity of 
stress in shear, to find the value of a rivet in double shear, 
multiply twice the area of cross-section of the rivet by the 
allowable intensity of stress in shear. 







§73 BRIDGE MEMBERS AND DETAILS 


3 


Example — What is the value of a ■J-inch rivet (a) in single shear, 
and (^) m double shear, if the working stress is 11,000 pounds per 
square inch? 

Solution — {a) Consulting Table I, the area of cross-section of a 
^-inch round rod is found to be 601 sq in. Since the working stress 
IS 11,000 lb per sq in , the value in single shear is 
601 X 11,000 = 6,610 lb Ans 

{d) The value in double shear is 

2 X .601 X 11,000 = 13,220 lb. Ans 

4. Bearing Value. — The resistance to crushing offered 
by the members that bear on a rivet depends on the thick- 
ness of the plates that transmit the stress to and from the 
nvet, and on the diameter of the rivet. When a rivet bears 
on a plate, it is in contact with 
the inside of the rivet hole, as 
at abcy Fig. 3, the intensity of 
bearing or pressure being greater 
at b than at a and Cj and it is diffi- 
cult to determine the exact area 
of bearing. In practice, it is 
customary to assume that the area 
of bearing is equal to the product 
of the nominal diameter of the rivet and the thickness of the 
plate The working strength of the plate is commonly called 
the bearing value of the plate, and is equal to the product 
of the diameter of the rivet, thickness of the plate, and 
allowable intensity of stress. 

The bearing value of a plate on a rivet is frequently spoken 
of as the bearing value of the nvet on the plate, it being under- 
stood that the bearing value of the plate is meant. 

Example. — If the working stress in beanng is 22,000 pounds per 
square inch, what is the bearing value of a plate -J- inch thick on a 
nvet f inch in diameter? 

Solution —The beanng value is equal to the continued product of 
the diameter, ^ in., the thickness of the plate, in., and the working 
stress, 22,000 lb per sq in ; that is, the bearing value is 
ixiX 22,000 = 9,626 lb Ans. 

6. Tables of Rivet Values. — Tables XXXVII to XL 
give the values of rivets from i to 1 inch in diameter, in 
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single and double shear, for working stresses of from 6,000 
to 11,000 pounds per square inch m shear, and the bearing 
values of plates i to -H mch in thickness on rivets if to 1 inch 
in diameter, for working stresses from 12,000 to 22,000 pounds 
per square inch in bearmg. For example, if it is desired to 
know the value in double shear of a rivet f inch in diameter 
for an allowable stress in shear of 9,000 pounds per square 
inch. Table XXXIX is consulted. In the fourth column 
from the left, headed Shear Values at 9,000 Pounds per 
Square Inch, Double Shear, is found, opposite i in the first 
column, the value 7,950 pounds, which is the required value. 
In like manner, if it is desired to know the bearing value of 
a iV-inch plate on a i-inch nvet, for an allowable stress in 
beanng of 16,000 pounds per square inch. Table XXXVIII 
is consulted. In the column headed A, and opposite i in 
the first column, the required value, 7,380 pounds, is found. 

In Tables XXXVII to XL, the bearing values below and 
to the left of the dotted lines are less than the values in 
single shear; those below and to the left of the heavy full 
lines are less than the values in double shear; and those 
above and to the right of the heavy full lines are greater 
than the values in double shear. 

6. Critical Value of a Rivet. — Each rivet may be said to 
have three values; namely, its shearing value, and the bearing 
values of the members from which and to which the stress is 
transmitted. For example, in Fig. 4, the stress is transmitted 
from the two angles a, a to the plate d. The rivets bear on 
the two angles, are in double shear, and bear on the plate. 
If the rivets are i inch in diameter, the angles i inch thick, 
the plate i inch thick, and the working stresses in shear and 
bearing are 9,000 and 18,000 pounds per square inch, respect- 
ively, Table XXXIX shows that the value in double shear is 
10,820 pounds; in bearing on the i-inch plate, 7,880 pounds; 
and m bearing on two l-inch angles (linch total thickness), 
11,810 pounds. The smallest of these three values — in this 
case the bearing on the i-inch plate — is called the critical 
value of the rivet, and sometimes simply value of the rivet 
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7. In making a drawing of a riveted member, it is cus- 
tomary to show all the rivets or to indicate their location in 
some way. When several views of the member are drawn, 
the rivets are usually represented by the conventional signs 
explained in Bridge Members and Details^ Part 1. When only 
one view is shown, and frequently also when more views than 
one are shown, the rivets are represented in other ways. 
For example, in Figs. 1, 2, and 4, the rivets are represented 



in the upper part of each figure by circles; and in the lower 
portion they are represented in elevation. In Fig. 6, they are 
shown m but one view. In Fig. 6, the rivets are shown only 
m («), but in that view some are shown in plan and some m 
side elevation. In Fig. 7, the conventional signs are not 
shown, but the location of each rivet is represented by a small 
cross; this method is frequently used when there are many 
.ivets to be drawn. 

8. Required Number of Rivets. — The number of 
rivets required to connect two members is found by 
dividing the stress that is to be transmitted, by the critical 
value of one rivet. For example, if the stress that is 
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transmitted from the angles to the plate in Fig. 4 is 
38,000 pounds, and other conditions are as given in Art. 6, 
then, since the critical value of a rivet has been found to 
be 7,880 pounds, the required number of rivets is 38,000 
— 7,880 = 4.82 The next whole number, 6 in this case, is 
always provided. 

Example.— A 10-inch 20-pound channel, in which the stress is 
82,600 pounds, is connected to a -iV-inch plate by ■J-inch rivets, as 
represented in Pig. 6. If the working stresses on the rivet are 



Fio 6 

9,000 pounds per square inch in sheanng and 18,000 pounds per 
square inch m beanng, how many rivets are required to transmit the 
stress from the channel to the plate? 

Solution — Consulting Table XIII, the thickness of the web of a 
10-in 20-lb channel is found to be f-in. Consulting Table XXXIX, 
the value of a j-in nvet in bearing on a i^-in plate is found to be 
6,890 lb ; m single shear, 6,410 lb ; and in bearing on the f-in. web of 
the channel, 6,910 lb As the value 6,410 lb of a 3 -In rivet in single 
shear is the smallest, it is the critical value of the rivet Then, since 
the total stress is 82,600 lb , the required number of nvets is 
82,500 -T- 6,410 = 15.25, or, say, 16 Ans. 
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SPlilCES IN BUIIiT-nP MEMBERS 

9. Length, of Members. — Bridge members composed 
of built-up shapes are occasionally made as long as 80 feet. 
These members are exceedingly difficult to handle, both on 
account of their weight and on account of their size. Their 
weight, too, IS likely to cause excessive stresses while they 
are being handled In general, it is advisable to manufac- 
ture long members, such as chords of trusses, in several 
sections, each being from 30 to 60 feet m length. The ends 
of the several sections are planed so that they will bear 
against one another, and additional plates and angles, called 
splice plates and splice angles, are riveted to the ends of 
the members where they come together. 


10. Forms of Splices. — Fig. 6 shows the elevation (a) 
and cross-section {d) of a spliced member composed of two 
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channels. The ends of the two sections are brought together 
and placed in contact at c. The plates d, d are riveted to 
the inside of the channels, and the plates e, e to the flanges of 
the channels. Both d and e are splice plates. In some 
cases, the plates e are made the full width of the member, as 
shown by dotted lines. The area of cross-section of the 
splice plates must in every case, both for tension and for com- 
pression members, equal the area of cross-section of the 
member. Some engineers depend on the bearing area at 
c between the ends of the two portions to transmit com- 
pression, and simply place enough splice plates and rivets at 
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the joint to hold the member in line The best practice at 
the present time, however, is to make the area of the splice 
plates equal to the area of the member, and to place enough 
rivets in each splice plate to transmit the amount of stress 
that is transmitted by the plate. Further details regarding 
splices will be given in subsequent Sections. 


JOINTS IN RIVETED TRUSSES 

11. Typical Joint. — Fig. 7 represents the top view {a), 
side view {d), and end view (tr) of a typical top chord joint 
in a nveted truss. In parallel-chord trusses, the top chord da 
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is made continuous; that is, the angles and plates composing 
it are not joined at the panel points, unless it is desired to 
splice it at such places. The line rf/tf near the center of 
gravity of the chord is called the center line of the member, 
and the lines ig and /A, through the centers of gravity of 
+be web members, intersect the line dfe and each other at 
the panel point /. The plates *, called grussets, or web 
connection plates, are riveted to the Insides of the chord 
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member, and the web members are riveted to the inside or 
outside of these plates; m Fig. 7, fg is shown rn^eted to the 
outside and / h to the inside. The location of the web mem- 
bers with respect to the gusset plates depends on other 
details. Other joints will be described in subsequent 
Sections. 

12. Rivets In Connection Plates, — It is customary 
to assume that one-half the stress in each web member is 
transmitted to each gusset. The number of rivets required 
to connect each side of a web member to a gusset is found 
by dividing one-half the stress in the web member by the 
value of one rivet. The stress transmitted to the chord by 
the connection plate is equal to the algebraic sum of the 
A components of the stresses in the web members that con- 
nect at the joint. It is seldom necessary to actually compute 
the number of rivets required to connect the gussets to the 
chords. If the gussets are made large enough to contain 
sufficient nvets to transmit the stresses to and from the web 
members, and are riveted to the chords sufficiently to hold 
them firmly together, say with a rivet pitch of 3 inches, 
there will invariably be enough rivets. 

13. Size of Gussets. — It is impossible to calculate 
accurately the stresses m the gussets, and, therefore, to 
determine their required dimensions with exactness. It is 
well to see, however, that the area of cross-section on such 
a section as pq, Fig. 7, at right angles to the diagonal, is 
sufficient to resist the stress transmitted to the gusset at 
that point. The amount of stress transmitted to the gusset 
at such a section can be found by multiplying the value of 
one connecting rivet by the number of rivets in the gusse^ 
between the section considered and the edge^ of the plate. 
It is always advisable to have an excess of material in the 
gusset at the section considered. In practice, gussets should 
never be made less than A inch thick for highway-bridgb 
trusses nor less than ^ inch for railroad-bridge trusses. 

14. Clearance. — When a member is riveted to the 
inside of the gussets, it is customary to make it h inch 
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narrower than the clear distance between the gussets The 
object of this is to make it easier to push the member 
between the gussets when the parts are being put together. 


PIN JOINTS 


16. Typical Pin Joint. — Fig. 8 represents the side 
elevation (a), end view (^), and top view (e) of a typical 
bottom chord joint m a pin-connected truss. The bottom 




chord and diagonal // are made of eyebars; the vertical 
h is usually composed of two channels. The pin g, which 
thro^h th. end. rf a. member,, hold, ttem in 
position end transmits tte stresses from one member to 
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another. The different members that connect to a pin are 
placed as close together as possible. It is customary to 
locate the vertical member nearest the center of the pin, 
then the diagonals, and then the eyebars in the bottom 
chord, alternating them as shown. The required size of the 
pm depends on the stresses to be transmitted and on the 
relative location of the members. Two conditions are con- 
sidered in the design of a pin; namely, the intensity of 
bearing on the members, and the bending moment on the pin. 

16. Intensity and Required TMckness of Bearing. 
The area of bearing of a member on a pm is found, in the 
same way as the beanng area of a rivet, by multiplying the 
diameter d of the pm by the thickness t or width of the bear- 
ing. The intensity of pressure Sb is then found by dividing 
the total stress 5* in the member by the bearing area. Eye- 
bars are so designed by the manufacturers that the intensity 
of bearing need not be considered, if the conditions given in 
Table XXX are adhered to. In built-up members, however, 
It IS always necessary to compute the intensity of bearing by 
means of the formula 



When the diameter of the pin and the working stress in 
bearing are known, the required thickness of bearing can be 
found by the formula 

t = — 

Sbd 

Table XLI gives, in columns 3, 4, and 6, the values of 
Sid for all the ordinary sizes of pins and for customary 
working stresses. In case a member has not the required 
thickness, the portion in contact with the pin is reinforced by 
pm plates. 


17. Pin Plates. — Pin plates are placed on the members 
as represented in Fig. 9, m which c,c are the pin plates. It 
is customary to assume that the stress in a member is evenly 
distributed over the thickness or width of bearing; so the 
amount transmitted by the pin plates can be found by multi- 
plying the total stress by the ratio of the thickness of the 
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pin plates to the total thickness of bearing. The pin plates 

must be connected to the 
member by sufficient rivets 
to transmit this portion of 
the stress to the member. 

Example —The total stress 
transmitted by a member is 
220,000 pounds The thickness of 
the member in bearing on a 6-inch 
pin IS I inch, and the allowable 
intensity of bearing is 22,000 
pounds per square inch {a) What 
IS the required thickness of bear- 
ing? {d) What IS the required 
thickness of pm plates? {c) What 
IB the amount of stress transmitted 
by the pin plates? (d) If the 
rivets connecting the pm plates to the member have a value of 
4,860 pounds, how many rivets are required? 

Solution. — {a) The required thickness of bearing is found by the 
formula ^ 

/ = 

d 

In the present case, 5" = 220,000 lb Consulting Table XLI, it is 
seen that Std ^ 110,000 lb. Then, 

t = 220,000 110,000 2 in. Ans. 

(d) Since the required thickness is 2 in , and the thickness of the 
member is J in., the required thickness of pin plates is 
2 — J = l-J- in Ans 

(c) Since the required thickness of pm plates is 1^ in. , and the total 
thickness is 2 in., the amount of stress transmitted by the pin plates is 

X 220,000 = 137,600 lb Ans 

(d) Since the amount of stress transmitted by the pin plates is 
137,600 lb , and the value of one rivet is 4,860 lb., the number of 
rivets required to connect the pin plates to the member is 

137,600 4,800 = 28.3, or, say, 29. Ans. 
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18, Bendings Moment on the Pin. — The required 
diameter d of the pm is found from the maximum bending 
moment i^on the pm, by means of the formula 


d^MM. ( 1 ) 

M TTS/ 

in which s/ is the working stress in bending. 
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As this formula is not convenient for rapid work, it is cus- 
tomary in practice to use a table that gives values of M 
corresponding to the usual woiking stresses and diameters 
of pins Table XLI gives in columns 6 to 10 the values of 
the allowable bending moments on different pins for several 
working stresses. Those bending moments have been com- 
puted by means of the formula 

( 2 ) 

Foi example, if it is known that the bending moment on a 
pin IS 270,000 inch-pounds, and the working stress in bending 
is 22,000 pounds per square inch, it can be seen by a glance 
at column 9 that a pm 6 inches in diameter is required. The 
method of calculating the maximum bending moments on the 
pms will be given in a subsequent Section. 


EXAMPLES FOR PRACTICE 

1 If the working stress in shear is 6,000 pounds per square inch, 

what IS the value of a -J-inch rivet {a) in single shear? (d) in 

double shear? . „ / («) 2,660 lb. 

1 {d) 6,300 lb 

2 If the working stress m bearing is 18,000 pounds per square 

inch, what is the bearing value of a -l-inch rivet on a plate* 

(rt) inch in thickness? ib) f inch m thickness? / (^) 3,620 lb. 

\W 7,030 1b. 

3 A 9-inch 16-pound channel m which the stress is 39,800 pounds is 
connected to a ^-luch plate by f-inch rivets If the working stresses 
are 9,000 pounds per square inch in shear, and 18,000 pounds per 
square inch in bearing, how many rivets are required? Ans 11 rivets 

4 The total stress transmitted by a member is 180,000 pounds 

The thickness of the member in beanng on a 4-inch pin is 1 inch, and 
the allowable intensity'of beanng is 18,000 pounds per square inch 
(a) What is the required thickness of beanng? [b) What is the 
required thickness of pm plates? (^) What amount of stress is 
transmitted by the pm plates? ((a) 2 6 m 

Ans i 16 in 

[(c) 108,000 lb. 

5. The maximum bending moment on a pm is 167,100 inch-pounds, 
and the working stress in bending is 26,000 pounds per square inch. 
What IS the required diameter of pm ? Ans. 4 in 
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FLOOR SYSTEMS 


TLOOBS IN HIGHWAY BRIDGES 

19. Kinds of Wearing Surface. — The top of the floor, 
commonly called the wearing surface, is, in highway 
bndges, usually composed of one or two layers of wooden 
plank supported by wooden or steel beams, called stringers, 



Fig 10 

parallel to the girders or trusses and having a length equal 
to the panel length of the bridge. When a more durable 
floor is required, it is made of wooden or granite blocks, or 
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of asphalt; the wearing surface is then supported by brick 
or concrete arches between the stringers, as shown in 
Fig. 10; by reinforced-concrete slabs, as shown in Fig. 11; 
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or by buckle plates, as shown in Fig. 12. With each of these 
types of floors, concrete is brought up to the subgrade of the 
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roadway, as shown, and the blocks or asphalt are placed on 
top with a layer of sand about 1 inch thick for a cushion coat. 

20. Arches Between Beams. — When brick arches are 
used between the beams, as shown in Fig. 10, one ring of 
brick IS put in, and concrete is filled in on top. The 
rise r of the arch depends wholly on the depth of stringer, 
being made greater for a deep than for a shallow stringer. 
The top of the bricks composing the aich should, in general, 
be no higher than the top of the stringers. The concrete 
should be at least 3 inches thick above the stringers The 
stringers are spaced about 3 feet apart in this type of floor. 
There is no necessity to calculate the strength of the arch 
just described, as it will have ample strength to carry any 
loads that pass over highway bridges if the stringers are 
spaced about 3 feet apart 

In the most recent floors of this type, the ring of brick is 
omitted and the arch is formed of concrete The crown of 
the arch is usually kept below the top of the stringers and 
the concrete at the crown is made not less than about 
6 inches in thickness This construction is shown at the 
right of Fig. 10. When this type of arch is used, it is cus- 
tomary to continue the concrete below and around the 
bottom flanges of the stringers for protection against 
ILT 335-^ 
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corrosion. For this purpose, expanded metal is bent so as to 
have It close to the top and bottom surfaces of the bottom 
flange, and the concrete is then put in to a thickness of not 
less than about 2 inches. This is a very serviceable type of 
floor, and is preferable m many ways to the brick arches. 

21. Relnforced-Concret© Slab. — When the type of 
floor shown in Fig. 11 is used, the stringers are spaced 
about 3 feet apart, and the concrete slab is made from 6 to 
9 inches thick. The amount of reinforcement depends on the 
load that the bridge is to carry. Ordinarily, not less than 
about 1 square inch cross-section of steel should be allowed 
to each foot of length of the slab measured at right angles 
to the steel rods. In this type of floor, it is customary to 
extend the concrete down around the stringers so as to pro- 
tect the steel from corrosion. The method of doing this is 
shown in Fig. 11. 

When reinforced concrete is used for floor slabs, great care 
should be taken in mixing and placing the concrete as well 
as in the design of the floor. Poor design and workman- 
ship have been the cause of so many failures in reinforced- 
concrete construction m the last few years that it is evident 
that too much care cannot be taken. 

22. Buckle Plates. — Fig, 12 shows the type of floor 
most frequently used when a solid floor is required. The 
stringers d support a thin plate on top of which concrete 
is placed; the wearing surface is placed on a sand cushion 
resting on the concrete. The plate e is originally flat, and 
square or very nearly square sections /,/,/,/, Fig. 13, are 
pressed outwards 2 or 3 inches, forming what are known as 
buckles. This plate can be had in sections about 3 feet 
wide and containing anywhere from one to eight buckles. 
The edges of the plate, and short distances h, h between 
the buckles are made straight and flat so that they can be 
riveted to the supporting stringers. It has been found that 
these plates are much stronger when the edges are riveted 
down than when they are simply supported at the edges, and 
that they are much stronger when the buckle is turned 
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downwards, as shown, than when turned upwards in the 
form of an arch. The standard sizes of buckle plates vary 
from 2 ft. X 2 ft. 6 m. by intervals of about 3 inches to 
4 ft. X 4 ft. 6 in. As a rule, it is best to have the buckles 
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square or nearly square, and the distances between them about 
4 inches; the edges should also be made about 4 inches wide. 

Very little is known about the actual strength of buckle 
plates, but it is known that, if the stringers are spaced not 
more than 3 feet 6 inches apart, a thickness of A inch is 
suflScient under the sidewalk and I inch under the roadway to 
support any loads that will ever come on them in an ordinary 
highway bridge. The buckle plates should always be riveted 
at the edges to the stringers that support them, with -f-inch 
rivets spaced about 6 inches apart. 

When buckle plates are used in the floors of bridges that 
cross steam railroads, many pockets are formed by the 
stringers and floorbeams that extend down below the buckle 
plates. These pockets become filled with the gases that 
escape from the smokestacks of locomotives passing under 
them, and the gases rapidly corrode the steel. On account 
of trains passing under the bridge, it is extremely difficult to 
get at these corroded surfaces to clean and paint them. For 
this reason, it is the best practice, at the present time, to 
paint carefully and thoroughly all the exposed surfaces of 
steel under the floor as soon as the bndge is built, and then 
to construct a ceiling under the bottom flanges of the 
stnngers and floorbeams. The ceiling is usually constructed 
of expanded metal and concrete 2 or 8 inches in thickness, 
and so arranged that no pockets are formed. This is 
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accomplished, in some cases, by supporting the ceiling directly 
on the bottom flanges of the stringers, as shown at the left of 
Fig. 12, and in others by placing the ceiling level with the 
bottom of the floorbeam and supporting the expanded metal 
by some form of ceiling hanger as shown at the right of 
Fig. 12. 


FLOORS IN RAILROAD BRIDGES 

23. Open Floors. — The standard open floor for railroad 
bridges consists of cross-ties resting on stringers, as shown 
in Fig. 14. The ties are usually 8 in. X 8 in. in cross-section, 
10 feet long, and spaced about 12 inches center to center. 
The main rails a are spiked to the tops of the ties, between 



the main rails on which the cars run, two lines of rails b, b are 
spiked to the ties to act as guard-rails, their duty being to 
keep derailed cars from moving sidewise. Near the ends of 
the ties, guard timbers c are bolted to the tops of the ties 
to keep derailed cars from going over the side of the bndge 
and also to keep the ties properly spaced. The floor shown 
in Fig. 14 is the most economical type of floor, but it is not 
adapted to all conditions. 

It IS frequently necessary to adopt a special form of 
floor that occupies less room below the rail; besides, there 
are many cases in which it is objectionable to leave open the 
spaces between the ties. Various forms of solid floors are 
used to meet special conditions, and some of them will be 
considered here. 

24. Trough Floors . — K style of trough floor used to 
a considerable extent in the past is shown in cross-section in 
Fig. 16. The trough /, / consists of an upper and a lower 
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half with inclined flanges nveted together as shown at a, a. 
The trough section is continued straight across from girder 
to girder or truss to truss, and the ends rest on shelf angles 
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or on the bottom flanges of the beams, as shown in Fig. 16, 
The top of the trough is covered with gravel or broken-stone 
ballast, and the ties are set directly on the ballast in the same 
way as on solid ground. 

This form of trough is being 
superseded by that shown in 
Fig. 17, which is stronger 
and can be connected much 
better to the girders or trusses 
that support it, in this type, 
the troughs are rectangular; 
they are composed of plates 
and angles, and can be given 
any desired strength. The 
ballast and ties occupy the 
same relative positions with 
respect to the trough as in 
Fig. 16. The top of the 
trough should not be allowed 
to come closer to the rail 
than about 2 inches. 

26. Solid Plate Floors. 

Another form of solid floor 
is made by placing a flat plate aa, tV or i inch thick, on top 
of the beams or stringers, as shown m Fig. 18, and doing 
away with wooden ties entirely. The rail is placed directly 
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on top of the plate, and is held in place by small clips c 
that are bolted to the top plate. In this type of floor, angles 
are riveted to the top of the plate a a, they are called guard 
angles and serve the same purpose as guard-rails. 

Up to the present time, none of the types of solid floors 
used in railroad bridges have given entire satisfaction. This 
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is due principally to the fact that water and dirt accumulate 
in contact with the steel and the latter corrodes very rapidly. 
During the last few years, various forms of reinforced-con- 
crete floors have been tried. These have almost all been 
modifications of the general type shown in Pig, 11 for high- 
way bridges. The ballast is usually placed on top of the con- 
crete, and a thickness of several inches placed under the ties. 



These floors have not been m use for a sufficient length of 
time to establish their suitability for this purpose. Some 
engineers have adopted them as standard for certain condi- 
tions; others will not use them on account of the liability of 
the concrete to crack, owing to the impact and vibration of 
trams and the deflection of the bridge. 
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STRINGERS AND STRINGER CONNECTIONS 

26. Stringers. — Stringers of floor systems are usually 
either wooden beams, I beams, or plate girders. When plate 
girders are used, each flange is generally composed of two 
angles with no flange plates, although in very long spans 
flange plates are sometimes used. The design of stringers 
is no more difficult than that of simple beams, but the 
design of the connections should be made with care. 
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27. stringer Connection Angles. — For the purpose 
of connecting the stringer to the floorbeam, connection angles 
are riveted to the ends of the stringers. Fig. 19 represents 
the side view {a) and 
end view (^) of the end 
of an I-beam stringer 
furnished with hitch, 
or connection, angles c. 

The hitch angles are 
made as long as pos- 
sible, that IS, as long as 
the straight portion of the web, and riveted tight to the web. 

Fig. 20 represents the side view {a) and end view {b) of 
the end of a plate -girder stringer furnished with hitch or 

connection angles c. 
The hitch angles are 
made as long as pos- 
sible, that IS, very 
nearly as long as 
the clear distance 
between outstanding 
legs of the flange 
angles, and are 
riveted to the outside surfaces of the flange angles, the space 
between them and the web between the flange angles being 
filled by means of fillers d having the same thickness as the 
flange angles. These fillers are usually of greater width 
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than the connection angle, and are made tight by riveting 
them to the web outside of the leg of the connection angle, 
forming what are known as tiglit fillers. 

The number of rivets required to connect the connection 
angles to the end of a stringer is found by dividing the 
maximum reaction on the stringer by the value of one rivet. 
For an I-beam stringer, the critical value of the rivet is 
usually Its value in bearing on the web. For a plate-girder 
stringer with tight fillers, the combined thickness of web and 
tight fillers is counted as bearing on the rivet, and the critical 
value of the rivet is usually its value in double shear. 

Example — The maximum reaction at the end of the I beam repre- 
sented in Fig 19 IS 46,000 pounds. How many |-inch nvets are 
required to connect the hitch angles to the web, which is -J* inch in 
thickness, if the working stresses in shear and bearing are 0,000 and 
18,000 pounds per square inch, respectively? 

Solution —Consulting Table XXXIX, the value of a -J-lnch rivet in 
double shear is found to be 7,960 lb., and in beanng on a -J-mch web, 
6,750 Ib. Since the latter is the smaller, it is the critical value of the 
nvet, and the required number of rivets is 

46,000 + 6,760 = 6 7, or, say, 7. Ans. 

28. stringer* Connection to Floorheams. — There are 
several methods of connecting stringers to floorbeams. The 
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principal methods are represented in Figs. 21 to 24, in all of 
which is the cross-section of the floorbeam, and CD are 
portions of the stringers that connect to them. Fig. 21 shows 
the connection that is employed when it is desirable to use 
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stringers and it is necessary to keep the depths of floor as 
small as possible. The bottoms of the stringers rest directly 
on top of the bottom flange of the floorbeam. The out- 
standing legs d of the connection angles come in contact 
with the vertical legs of the bottom flange angles of the 
floorbeams, and fillers e having the same thickness as those 
angles are placed between the connection angles and the web. 
This connection can be used only when the depth of the 
floorbeam is but little greater than that of the string-er. 

Figs. 22 and 23 show connections that are sometimes used 
when the floorbeam is considerably deeper than the stringer 
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and the bottom of the stringer is a sufficient distance above 
the bottom of the floorbeam. A chair or shelf is provided 
by riveting to the bottom flange or web of the floorbeam a 
short shelf angle e parallel to the flange; and when this is 
above the bottom flange, as in Fig. 23, inserting short 
stiffeners / between the outstanding legs of the shelf and 
the bottom flange angles. The connection angles are riveted 
to the floorbeam web the same as if the chair or shelf were 
not provided; the latter simply affords additional strength 
and better distributes the load from the stringer over the 
floorbeam. The connection shown m Fig. 23 is by far the 
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best type of connection between stnnfifers and floorbeam, 
and should be used wherever conditions permit. The 
designer should endeavor so to arrange his connections that 
this form can be used. 

In deck truss bridges and in through bridges in which the 
allowable depth of floor is comparatively great, the stringers 
are sometimes placed directly on top of the top flanges of 
the floorbeams, as represented in Fig 24. When they are 
placed in this position, the ends of the strmgers are usually 
connected by plates e that serve to keep them in line. Stiff- 
eners / having a length of at least one-half the depth of 
floorbeam and preferably the full depth of the floorbeam 
should be placed under each stringer. 

29. It is very important that there should be sufficient 
rivets to connect the connection angles to the floorbeams; as 
it has been found, in practice, that under the actual con- 
ditions of loading these rivets become loose before any 
others in the bridge, showing that they are subjected to 
secondary stresses whose magnitude cannot be calculated. 
The number of rivets required is found in the ordinary way, 
by dividing the load coming from the stringer by the value 
of one rivet. The critical value of one of these rivets con- 
necting the angles to the floorbeam is usually the value in 
single shear. 

The design of stringers and stringer connections will be 
treated in subsequent Sections. 


FLOORBEAMS 

30. Shapes Used for Floorbeams. — beams are some- 
times used for floorbeams of highway bridges, but in railroad 
bridges, and frequently in highway bridges, plate girders are 
used. 

31. Floorbeam Connections. — Floorbeams are con- 
nected to girders and trusses in almost the same way as 
stringers are connected to floorbeams, but the actual connec- 
tion depends on the details in each case. 
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LATERAL SYSTEMS 

32. Lateral Trusses. — The lateral trusses of truss 
bridges were discussed in Stresses in Bridge Trusses, Part 5. 
The lateral trusses of plate-girder bridges are somewhat 
different from those of truss bridges, but the same principles 
apply to both. It is customary to igno7‘e the stresses due to 
wind Press2i7‘e and centmhigal force in the gii'ders when the 
latter are considered as chord members of lateral trusses. 

The diagonals of lateral trusses are usually called 
laterals. 

33. In deck girder bridges, lateral trusses are provided 
m both the top and bottom flanges. Each has the form 
represented in Fig. 26. The stresses are found in the same 



way as in the Warren truss. As there is only one system of 
diagonals, the stresses in them will be sometimes tension 
and sometimes compression, according to the direction in 
which the wind blows, and they must be designed for this 
reversal of stress according to the rules given in Bridge 
Specifications, In Fig. 26, the members marked a are simply 
cross-struts to connect the two flanges; those marked b are 
intermediate transverse frames; and those marked c are end 
transverse frames It is customary to locate the frames so 
that the diagonals will make an angle of about 46° with the 
center line of the bridge. 

34. In half-through plate-girder bridges, there is but one 
lateral truss, composed of two systems of diagonals like 
those described for truss bridges. When the panel length 
of the bridge is less than one-half the distance center to 
center of girders, the panels of the lateral trusses are fre- 
quently made twice the length of the panel of the bridge, as 
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represented in Fig. 26 In this figure, a^a are the end floor- 
beams, and c, the intermediate. The diagonals of the two 
systems intersect each other at the center of the floorbeams 
marked by and are attached to each other and to the floor- 
beams by means of connection plates and angles. The ends 
of the laterals intersect near the center lines of the girders, at 
the ends of the floorbeams marked Cy and are connected to 
each other, to the floorbeams, and to the girders by means 
of connection plates. It is impossible to calculate accurately 



the stresses in the diagonals of this type of truss: the usual 
practice is to assume that the shear in any panel of the bridge 
due to wind pressure or centrifugal force or both is resisted 
by one diagonal m tension, the other being out of action. 
For example, if there is no centrifugal force acting on the 
bridge represented in Fig 26, and the maximum shear in 
the panel de due to wind pressure is V^y then, as the wind may 
blow in either direction, both diagonals must be designed for 
a tension equal to esc H, 

36. Lateral Connections. — The method of connecting 
laterals to trusses, girders, and floorbeams depends to a 
great extent on the connections of stringers to floorbeams 
and floorbeams to girders and trusses. When the floor- 
beams of half-through bridges rest on the bottom flanges of 
the girders, as is frequently the case, the lateral connection 
is mvariably made as represented in Fig. 27. In this figure, 
a a is 3. portion of the lower flange of the plate girder; bby 
the lateral connection plate resting on top of the flange 
angles; cc, 3 portion of the bottom flange of the floorbeam; 
ddy the bottom flanges of the stringers; and ee, the laterals. 
When the stringers rest directly on top of the bottom flange 
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angle of the floorbeam, the laterals are placed below the 
plates, and fillers / of sufficient thickness are placed between 
the bottom of the stringer and the top of the lateral, as 
represented at the left of the floorbeam m Fig. 27, When 
the stringers are riveted to the floorbeams, a short distance, 
usually not over 7 inches, above the bottom flange angles, 
the laterals are placed above the connection plates and are 
connected to the strmgers by means of lug or hitch angles^, 



as represented at the right of the floorbeam in Fig, 27. 
When the bottoms of stringers are more than 6 or 7 inches 
above the bottoms of the floorbeams, the connections between 
the laterals and tho stringers are sometimes dispensed 
with, and the laterals are located m either of the two ways 
represented in Fig. 27, the fillers / and hitch angles ^ 
being omitted. 

36. When the bottoms of the stringers are more than 
6 or 7 inches above the bottoms of the floorbeams, and it is 
desired to maintain the connection between the stringers 
and the laterals, the arrangement represented in Fig. 28 is 
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used. The angles a, a are connection or hitch angles riveted 
to the webs of the girder and floorbeam above the lower 
flange angles; b, b are the lateral connection plates, which 
maybe either above or below the angles a,a\ and c,c are 
the laterals, which are invariably placed below the connec- 
tion plates, as shown, and at such an elevation that they can 
be riveted directly to the lower flanges of the stringers, as 



at without the necessity of any intermediate filling 
pieces. There should, as a rule, never be less than four 
nvets in the connection of the lateral connection plate b 
to either hitch angle nor less than five rivets in the 
connection of any hitch angle to the web of the girder 
or floorbeam. 


37. The lateral connections of deck bridges are similar 
to those of half-through bridges. The connection plates are 
either nveted to the flanges, as represented in Fig. 27, or to 
hitch angles that are nveted to the webs of the girders below 
the top flange angles and above the bottom flange angles, as 
represented in Fig. 28 The latter method is to be preferred 
in the case of a deck bridge, because it lowers the top lateral 
system so that it does not interfere with the wooden-floor 
system, as sometimes happens when the lateral connection 
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plates are riveted directly to the outstanding legs of the top 
flange angles. 

38. Transverse Frames, — In both of the cases men- 
tioned m the preceding article, a pair of stiffeners is located on 
the girder at each panel point of the lateral truss, and a trans- 
verse strut or frame is riveted to the stifieners Fig. 29 
represents a cross-section of a deck-girder bridge and an end 



Fig 29 


transverse frame. The lateral connection plates a, a are 
riveted directly to the outstanding legs of the flange angles, 
and the frame is made deep enough to fit between the connec- 
tion plates. Fig. 30 also represents a cross-section of a deck 
plate-girder bridge and an end transverse frame. The lateral 
connection plates in this case are riveted to the hitch angles, 
and the frame is made deep enough to fit between the connec- 
tion plates. In both of these figures, the same detail is used 
for the intermediate transverse frames as for the end frames, 
with the exception that but one diagonal is provided. Where 
only a transverse strut is desired, both diagonals are omitted. 
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When deck-plate girders are very shallow, say less than 
3 feet deep, the transverse frames are sometimes composed 
of a solid web and two angles, as represented in Fig. 31. or 
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are latticed, as represented in Fig. 82; in this case the lower 
lateral truss is usually omitted. When these types of trans- 



verse frames are used, the end and intermediate frames are 
made the same. The frames represented in Figs. 81 and 32 
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are used also to connect the ends of end stringers to each 
other and to the girders or trusses when there are no end 
floorbeams. 
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39. Portals and Transverse Struts. — Portals and 
transverse struts and frames of through bridges are arranged 
to conform to other details, and will be treated in connection 
with design. 


BEARINGS 


BEDPLATES AND ROCKERS 

40. Bedplates, — Where trusses or girders rest on the 
bridge seat or abutment, large steel plates, called bedplates, 
are placed on the masonry so as to distribute the pressure 
evenly. The required area of bearing is found by dividing 
the reaction by the allowable intensity of pressure. In 
short-span bndges, say less than 75 feet, the reaction is 
sufficiently distributed by bedplates I or 1 inch thick. 

41. Rockers. — For spans longer than 75 feet, the 
method of distribution given in Art. 40 is unsatisfactory, as 
the greater deflection of the span makes the contact between 
the bedplate and masonry somewhat imperfect, throwing 
more load on the front than on the back of the bedplate. To 
distribute the load more evenly over the masonry, rocker 
bearlnfi:s are used. A rocker bearing is represented in 
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outline in Fig. 33. The girdei or truss rests on the upper 
half a ot Si pedestal, m the bottom of which is a semicylin- 
Jrical hole that just fits a pin placed at right angles to the 
truss or girder. This pm is supported by the lower half d of 
dhe pedestal, which rests on the masonry. When this device 



is used, the load is always concentrated on the pin, and the 
upper half rocks slightly back and forth as the truss or girder 
deflects; the load being always concentrated on the pm, which 
is at the center of the pedestal, the pressure on the masonry 
IS always evenly distnbuted. 


ROT.LBRS 

42. Changes of temperature cause bridges to expand and 
contract. The difference between the lengths of the bridge 
at the highest and lowest temperatures may amount to 1 inch 
m 100 feet For spans less than about 75 feet, it is assumed 
that the bridge will adjust itself to these changes, and the 
top of the bedplate and bottom of the bridge at one end 
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(commonly called the expansion end) are planed smooth 
so that the end can slide back and forth more easily. For 
spans of greater length, the load is so great that the ends 
slide with difficulty, and it is necessary to place rollers, called 
expansion rollers, under one end, and a bedplate between 
the rollers and the masonry, as shown in Fig. 34. When the 
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truss expands or contracts, the end under which the rollers 
are located moves back and forth on the rollers. These 
rollers are usually made from 3 to 6 inches in diameter. 

The design of pedestals and rollers will be treated 
elsewhere. 


ANCHOR BOLTS 

43. Both ends of every truss or girder are fastened to 
the masonry by means of bolts, called anclioi’ holts. 
Fig. 36 shows four kinds of anchor bolts that are commonly 
used. For each of these, a hole about 12 inches deep is 
drilled in the masonry, the bolt is dropped into this hole, 
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and the rest of the hole is then filled with sulphur, lead, or 
cement. The bolts shown at a and b are sometimes called 
rajf or dog bolts; that shown at c is simply a screw bolt. 
In the form shown at a wedge is inserted in the end of 

the bolt, and this end 
is placed in the hole, 
the bolt is then struck 
hard on top to force 
out the sides at the 
bottom, so that they 
will grip the masonry 
firmly. The rest of 
the hole is then filled 
with sulphur, lead, or 
cement. 

At the expansion end 
of the bridge, the holes 
in the pedestal or 
bottom flange through which the anchor bolts must pass are 
made longer than the width, as shown in Fig. 86, so that 
that end can move freely backwards and forwards. The 
bolts at this end simply serve to keep the bridge from moving 
sidewise; those at the other end, com- 
monly called the fixed end, serve to 
hold the bridge in place longitudi- 
nally as well as laterally. 


CAMBER 

44. When a bridge is loaded, it 
deflects and forms a curve, the center 
of the span being lower than the ends. 

To counteract this tendency, and make the floor nearly 
level when the bridge is loaded, trusses are built so 
that they curve slightly upwards when there is no load 
on the bridge, and assume a position almost horizontal when 
the load is applied. This upward curve is spoken of as 
the camber. 
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Trusses are cambered by making the panels of the top 
chord slightly longer than the panel lengths of the lower 
chord, the usual allowance being i inch for every 10 feet. 
For example, if the panel length of a truss is 20 feet, the 
pins or intersections of the center lines in the top chord will 
be 20 feet i inch apart. This gives the truss the appear- 
ance shown in Fig 37 to an exaggerated vertical scale. 
The joints in the chords 
are approximately on 
curves, and the verticals 
may be considered to be 
on radii to these curves. 

The actual length of 
a diagonal of a truss 
with camber is equal to the length of a diagonal of a truss of 
the same depth having no camber, and whose panel length 
is a mean between the actual lengths of the top and bottom 
chord members. For example, if the height of truss in 
Fig. 37 IS 20 feet, the mean of the lengths of the two chord 
members in one panel is 

i X (20 feet + 20 feet i inch) = 20 feet i inch 
and the actual length of a diagonal is 

V (20 feet)" + (20 feet i inchT* = 28.292 feet 
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TABLE III 

ITPSBT SCREW ENDS FOB BOUND AND SQUABS BODS 



Round Rods 

Scjuare Rods 

Diameter of 
Rod 
Inches 

Diameter of 
Screw 
Inches 

Length of 
Screw 
Inches 

Additional 
Length to 
Form Upset 
Inches 

Side of 
Square 
Inches 

Diameter of 
Screw 
Inches 

Length of 
Screw 
Inches 

Additional 
Length to 
Form Upset 
Inches 

d 

D 

L 

U 

d 

D 

L 


i 

I 

4 

zi 

f 

If 

4 

si 

i 

If 

4 

s 

f 

If 

4 

4 

I 

If 

4 

4f 

I 


4 

4 

4 


4 


If 


4f 

4f 

li 

If 

4i 

3^ 

If 

If 

1 

4^ 

If 

If 

4i 

1 3i 

If 

2 

5 

4f 


2 

s 

4f 

if 

2i 

s 

4i 

If 

4 

s 

4i 

If 

2| 

sf 

4f 

If 

2i 

s 

4 

If 

ai 

sf 

4f 

ij 

=1 

si 

4f 

if 

2i 

6 

Sf 

2 

2^ 

sf 

3f 

2 

2f 

6 

4f 


2f 

5i 

3f 

2i 

3 

6 

4f 


2| 

6 

4f 

2f 

3i 

6i ' 

sf 


3 

6 

4i 

sf 

3^ 

7 

6f 


3f 


4i 

2f 

3f 

8 1 

6f 

3f 

3f 

6f 

4f 

2f 

3i‘ 

8 

6i 


3l 

7 

4i 

2f 

4 

8 

6 


3f 

8 

sf 

2f 

4i 

9 

8 

3 

3f 

8 

Si 

3 

4i 

9 

7f 
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TABLE IV 

SIZES AND WEIGHTS OE HEXAGON NUTS 


Diameter of 

Thickness of 

Short 

Long 

Weight of 

Screw 

Nut 

T 

Diameter 

d 

Diameter 

f) 

loo'Kuts 

Inches 

Inches 

Inches 

Inches 

Pounds 

i 

i 

I 

I IS 

9 8 

f 

f 

■ If 

I 44 

22.9 

i 

f 

If 

I 73 

39 

i 

I 


I 88 

so 

I 

If 

If 

2 02 

64 


If 

2 

2 31 

96 

li 

if 

2i 

2 6o 

134 

If 


af 

a 89 

180 

if 

If 

af 

3 18 

23s 

If 

if 

3 

3 46 

300 

if 

if 

3 i 

3 7S 

370 

if 

2 

3 f 

4 04 

460 

3 

2 

3 f 

4.04 

4 SO 

af 


3 f 

4 33 

560 

af 


4 i 

4.91 

810 

af 


4 f 

S so 

980 

3 

3 

4 f 

5 48 

1,150 

3 f 

3 i 

S 

5-77 

1.340 

3 f 

3 f 

Si 

6 06 

1,580 
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TABLE VI 

AREAS OP SECTIONS OP STEEL PLATES, 

IN SQUARE INCHES 

Thickness, m Inches 

Width 

Inches 

A i A i A i A i 

J 0156 0313 0469 0625 0781 0938 1094 1250 

4 0313 0625 0938 1250 1563 1875 2188 2500 

} 0469 0938 1406 1875 2344 2813 3281 3750 

1 0625 1250 1875 2500 3125 3750 4375 5000 

2 1250 2500 3750 5000 6250 7500 8750 1 000 

3 1S7S 3750 5625 750 9375 I 125 1 3’^3 ^ Soo 

4 2500 5000 7500 1 000 I 250 1 500 1 750 2 000 

5 3125 6250 9375 1 250 1 563 1 87s 2 188 2 500 

3750 75oc> I 125 I 500 1 875 2 250 2 625 3 000 

7 4375 8750 1313 1750 2188 2625 3063 3500 

8 5000 1 000 I 500 2 000 2 500 3 000 3 500 4 000 

9 5625 I 125 I 688 2 250 2 813 3 375 3 938 4 500 

10 6250 I 250 1 87s 2 500 3 125 3 750 4 375 5 000 

11 6875 1 375 2 063 2 750 3 438 4 125 4 813 5 500 

12 7500 1500 2250 3000 3750 4500 5250 6000 

13 8125 1 625 2 438 3 250 4 063 4 875 5 688 6 500 

14 8750 1750 2625 3500 4375 5250 6125 7000 

15 9375 I 875 2 813 3 750 4 688 5 625 6 563 7 500 

16 1 000 2 000 3 000 4 000 5 OCXS 6 OCXS 7 000 8 000 

18 I 125 2 250 3 375 4 500 5 625 6 750 7 875 9 000 

20 1 250 2 500 3 750 5 000 6 250 7 500 8 750 xo 00c 

30 1 875 3 750 5 625 7 500 9 375 II 250 13 125 15.000 

40 2 500 5 000 7 500 10 000 12 5CSO 15 000 17 500 20.CS00 

50 3125 6250 9375 12500 15625 18750 21875 25000 

60 3750 7500 II 250 15 OCXD 18750 22 5CXS 26250 30000 

70 4-375 8 750 13 125 17 500 21 875 26 250 30 625 35 000 

80 SCSOO 10 OCXS 15 CSOO 20 csoo 25000 30000 35000 40000 

90 5 625 II 250 16 875 22 500 28 125 33 750 39 375 45 000 

100 6 250 12 500 i8 750 25 000 31 250 37 500 43 750 50 000 
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TABLE VI—(Coniznued) 

AREAS OF SECTIONS OF STEEL PLATES. 
IN SQUARE INCHES 


Width 


Thickness, in Inches 


Inches 

A 

i 


i 

a 

i 

a 

I 

i 

1406 

1563 

1719 

1875 

2031 

2188 

2344 

250 

i 

2813 

3125 

.3438 

3750 

4063 

4375 

4688 

500 

i 

4219 

4688 

5156 

5625 

6094 

6363 

7031 

750 

I 

5625 

6250 

687s 

7500 

8125 

8750 

9375 

I 000 

2 

1 125 

I 250 

1 375 

I 500 

I 625 

1 750 

1875 

2 000 

3 

I 688 

187s 

2 063 

2 250 

2438 

2 625 

2 813 

3 000 

4 

2 250 

2 500 

2 750 

3 000 

3250 

3500 

3 750 

4 000 

5 

2813 

3 “S 

3438 

3750 

4063 

4375 

4 688 

5 000 

6 

3 375 

3 75 ° 

4 125 

4500 

4875 

5250 

5625 

6 000 

7 

3938 

4 375 

4813 

5250 

5.688 

6 125 

6363 

7 000 

8 

4500 

5 000 

5 500 

6 000 

6 500 

7 000 

7500 

8 000 

9 

5063 

5625 

6188 

6750 

7313 

7875 

8438 

9 000 

10 

5625 

6 250 

687s 

7500 

8 125 

8730 

9 375 

10 000 

II 

6.188 

687s 

7583 

8 250 

8938 

9625 

10 313 

II 000 

12 

6750 

750° 

8230 

9 000 

9750 

10 500 

II 250 

12 000 

13 

7313 

8 I2S 

8938 

9 750 

10 563 

II 375 

12 188 

13.000 

14 

787s 

8750 

962s 

10 500 

II 375 

12 250 

13 125 

14 000 

15 

8438 

9 375 

10 313 

II 250 

12 188 

13 125 

14063 

15 000 

16 

9 000 

10 000 

II 000 

12 000 

13000 

14 000 

15 000 

16 000 

18 

10 125 

II 250 

12 37S 

13 500 

14623 

15 750 

16 880 

18 000 

20 

II 250 

12 500 

13 750 

15 000 

16 250 

17 500 

18 750 

20 000 

30 

16 87s 

18 750 

20 625 

22 500 

24375 

26 250 

28 125 

30 000 

40 

22 500 

25 000 

27 500 

30 000 

32.500 

35 000 

37 500 

40 000 

50 

28 125 

31 250 

34 375 

37 500 

40 625 

43 750 

1 

46 875 

50 000 

60 

33 750 

37500 

41 230 

45 000 

48 750 

52 500 

56 250 

60 000 

70 1 

39 375 

43 750 

48 125 

52 500 

56 875 

61 250 

65 625 

70 000 

80 

45000 

50 000 

55 °°° 

60 000 

65 000 

70 000 

75 000 

80 000 

90 

50 625 

56 250 

Jii 875 

67 500 

731I25 

78 750 

84375 

90 OOQ 

100 

56250 

62 500 

68750 

75 000 

81 250 

87 500 

93 750 

100 000 
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TABIil! VII 


WEIGHT OF STBSIi PIiATBS, IN POUNDS PBR UINBAB FOOT 


Width 

Thickness, in Inches 

laches 


i 

A 

i 

A 

i 

A 

i 

I 

0531 

1063 

.1594 

2125 

26s6 

3188 

3719 

4350 

i 

1063 

2125 

3188 

42 so 

5313 

637s 

7438 

8500 

} 

1594 

3188 

4781 

6375 

7969 

9563 

1 116 

1 275 

I 

2125 

4250 

6375 

8500 

1 063 

1 27s 

1.48S 

1 700 

a 

4350 

850 

1275 

I 700 

2 125 

2 550 

297s 

3400 

3 

637s 

1275 

1913 

3550 

3188 

3825 

4463 

5 100 

4 

Sscx) 

1 700 

3550 

3400 

4350 

5 100 

5 950 

6 800 

5 

I 063 

3 125 

3188 

4250 

5313 

6375 

7438 

8 soo 

6 

r *75 

a 55 ° 

3835 

S 100 

6375 

7630 

8933 

10 200 

7 

I 488 

a 975 

4463 

5 95 ° 

7438 

8935 

10 413 

11 900 

8 

I 700 

3400 

S 100 

6 800 

8500 

10 200 

11 900 

13.600 

9 

1913 

3835 

5738 

7650 

9563 

11 480 

13-390 

15 300 

lO 

2.125 

4*50 

<5375 

8 500 

10 630 

12 7S0 

14 S80 

17 000 

11 

*338 

467s 

7013 

9 3 SO 

11 690 

14 030 

t6 360 

18 700 

13 

* 53 ° 

5 100 

7650 

10 200 

12 750 

IS 300 

17 850 

20 400 

13 

a 763 

SSaS 

8388 

11 050 

13810 

16.580 

19340 

22 100 

14 

397s 

5 95 ° 

8935 

11 900 

14 880 

17 850 

20.830 

23 800 

IS 

3188 

637s 

9.563 

12 750 

15 940 

19 130 

22 310 

25 soo 

i6 

3 400 

6 Soo 

10 200 

13 600 

17 000 

20 400 

23.800 

27.200 

i8 

3 8as 

7650 

11480 

15300 

19-130 

22 950 

26 780 

30.600 

ao 

4.350 

8 500 

12750 

17 000 

21 250 

25 soo 

29 750 

34000 

30 

<5 375 

12 750 

19 130 

25 soo 

31 880 

38 250 

44.630 

SI 000 

40 

8 500 

17.000 

25 soo 

34 000 

42 SOO 

51 000 

59-500 

68 000 

SO 

10.630 

21 250 

31 880 

42 500 

S 3 130 

63 750 

74 380 

85.00Q 

6o 

13 750 

25 500 

38 250 

51 000 

63750 

76 500 

89.250 

102.000 

70 

14.880 

29 750 

44630 

59-500 

74.380 

89 250 

104 100 

119 000 

So 

17 000 

34 000 

51 000 

68 000 

85 000 

102 000 

1x9 oco 

136,000 

Qo 

igri 3 o 

38 250 

S 7 * 38 o 

76 500 

95 630 

114.800 

133-900 

1 S 3 000 

lOO 

21 250 

4a 500 

63 750 

85 000 

106 300 

127 500 

148.800 

170 000 
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TABLE VII — {Continued) 

WEIGHT or STEEL PLATES, IN POUNDS PER LINEAR FOOT 


Width 


Thickness, in Inches 


Inches 

A 

i 


i 

a 

i 

a 

I 

i 

4781 

5313 

5844 

637s 

6906 

7438 

7969 

85 

i 

9563 

I 063 

I 169 

1273 

I 381 

I 488 

1594 

I 70 

} 

I 434 

1 S 94 

1753 


2 072 

2 231 

2391 

255 

I 

I 913 

2 125 

2338 


2763 

2975 

3 188 

340 

2 

382s 

4230 

467s 


5525 

5950 

<5375 

6 80 

3 

5738 

637s 

7013 

7650 

8288 

8925 

9563 

10 20 

4 

7650 

8500 

9 350 

10 20 

II 05 

II 90 

1275 

13 60 

S 

9563 

1063 

II 69 

12 73 

13 81 

14 88 

1594 

17 00 

6 

II 48 

12 73 

1403 

153° 

16 58 

1783 

19 13 

20 40 

7 

13 39 

14 88 

16 36 

17 83 

19 34 

20 83 

2231 

23 80 

8 

IS 30 

17 00 

18 70 

20 40 

22 10 

23 80 

25 SO 

27 20 

9 

17 21 

19 13 

21 04 

2295 

24 86 

26 78 

28 69 

3060 

10 

19 13 

21 25 

2338 

2550 

2763 

29 73 

3188 

34 00 

II 

21 04 

2338 

2571 

28 05 

30 39 

32 73 

3506 

3740 

12 

22 95 

2550 

28 0$ 

30 60 

33 IS 

35 70 

3825 

40 80 

13 

24 86 

3763 

30 39 

33 15 

35 91 

38 68 

4144 

44 20 

14 

26 78 

29 73 

32 73 

35 70 

38 68 

4163 

4463 

47 60 

15 

28 69 

31 88 

3506 

3825 

41 44 

4463 

4781 

51 00 

i6 


3400 

3740 

40 80 

44 20 

4760 

51 00 

54 40 

iS 

1^9 

3823 

42 08 

4590 

49 73 

53 55 

57 38 

61 20 

20 

382s 

42 30 

467s 

51 00 

55 25 

59 5 ° 

6375 

68 00 

30 

57 38 

637s 

70 13 

7630 

82 88 

8925 

95 63 

102 0 

40 

7630 

85 00 

9350 

102 0 

no 5 

119 0 

1275 

1360 

SO 

9563 

1063 

116 9 

1273 

138 I 

148 8 

1594 

170 0 

6o 

114 8 

127 s 

1403 

1530 

1658 

1785 

191 3 

204 0 

70 

1339 

148 8 

163 6 

1785 

1934 

2083 

223 1 

2380 

8o 

1330 

170 0 

187 0 

2040 

221 0 

2380 

2350 

272 0 

90 

172 I 

1913 

210 4 

229 s 

248 6 

267 8 

286 9 

3060 

lOO 

1913 

212 s 

2338 

2550 

2763 

2975 

3188 

3400 
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TABLE IX 

PBOPBBTIBS OP STAKDABD ANGIiBS HAVING BQtTAIi I.BGS 



1 

2 

5 

4 

6 

e 

7 

8 

9 

u 

a X a 

Thickness 

Inches 

Weight per Foot 
Pounds 

Area of Section 
Square Inches 

Distance of Center 
of Gravity From Back 
of Flange Inches 

Moment of Inertia. 
Referred to the Inch 
Axis 1-1 

Section Modulus, 

0 Referred to the Inch 
Axis 1-1 

1 

ISj 

— 9 

r 

4 

r 

Least Radius of 
t. Gyration, Axis £-t 
Inches 

IXI 

1 

80 

23 

30 

022 

031 

30 

19 

IXI 

A 

i 

1 16 

34 

32 

030 

044 

30 

19 

iXi 

I 49 

44 

34 

037 

056 

29 

19 

ilXii 

i 

I 02 

30 

36 

044 

049 

38 

.24 

lixii 

A 

I 47 

43 

38 

061 

071 

.38 

24 

lixii 

i 

I 91 

S6 

40 

077 

091 

37 

24 

riXii 

A 

2 32 

68 

42 

0 090 

II 

36 

24 

liXii 

A 

1 79 

S 3 

44 

II 

10 

46 

.29 

liXiJ 

i 

2 34 

69 

47 

14 

13 

45 

29 

liXii 


2 86 

84 

49 

16 

16 

44 

29 

liXiJ 

i 

3 35 

98 

SI 

19 

19 

44 

29 

liXiJ 

A 

2 II 

62 

SI 

18 

.14 

54 

34 

ifXii 

i 

2 76 

81 

S 3 

23 

19 

53 

34 

liXii 

A 

3 39 

I 00 

5 S 

27 

23 

52 

34 

liXii 

it 

3 98 

I 17 

S 7 

31 

26 

SI 

•34 

liXii 

A 

4 56 

I 34 

•59 

35 

30 

51 

34 

2X2 

A 

2 43 

71 

57 

27 

19 

62 

•39 

2X2 


3 19 

94 

59 

35 

25 

61 

39 

2X2 

A 

3 92 

I 15 

61 

.42 

•30 

60 

•39 

2X2 

} 

4 62 

I 36 

64 

48 

•35 

59 

39 

2X2 

A 

5 30 

I 56 

66 

54 

40 

59 

38 

2iX2i 

A 

3 I 

90 

69 

55 

30 

78 

49 

aiXai 

i 

4 0 

I 19 

72 

Z° 

39 

77 

• 49 

2}X2i 

A 

5 0 

I 46 

74 

8S 

48 

.76 

49 

2iX2i 

i 

5 9 

I 73 

76 

98 

57 

• 75 

.48 

2^X2^ 

A 

6 8 

2 00 


I II 

65 

•75 

.48 

2iX2j 


7 7 

2 25 

81 

1.23 

.72 

74 

.48 
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TABLE IX — (Conitnued) 

PROPERTIES OF STANDARD ANGLES HAVING EQUAL LEGS 



1 

2 

5 

4 

s 

e 

7 


9 

a X a 

Thickness 

Inches 

Weight per Foot 
Pounds 

Area of Section. 
Square Inches 

Distance of Center 
« of Gravity From Back 
of Flange Inches 

Moment of Inertia, 
Referred to the Inch 
Axis 1-1 

Section Modulus, 

0 Referred to the Inch 
Axis 1-1 

Radius of Gyration, 
Axis 1—1 

Inches 

Licast Radius of 
Gyration, Axis 2-2 
Inches 

3 X 3 


4 9 

I 44 

84 

I 24 

58 

93 

59 

3 X 3 

A 

6 0 

I 78 

87 

I 51 

71 

92 

59 

3 X 3 

t 

7 2 

2 II 

89 

I 76 

83 

91 

S8 

3X3 

A 

8 3 

a 43 

91 

I 99 

95 

91 

S8 

3X3 

4 

9 4 

2 75 

93 

2 22 

I 07 

90 

58 

3X3 

A 

TO 4 

3 06 

95 

2 43 

I 19 

89 

5 ® 

3X3 

i 

IT 4 

3 36 

98 

2 62 

I 30 

88 

S8 

3^X34 

A 

7 2 

2 09 

99 

2 45 

98 

I 08 

69 

3 ^X 3 ^ 

t 

8 4 

2 48 

I 01 

2 87 

I IS 

I 07 

68 

3 iX 3 i 

A 

9 8 

2 87 

I 04 

3 26 

I 32 

I 07 

68 

3 iX 3 i 

i 

II I 

3 as 

I 06 

3 64 

I 49 

I 06 

68 

3 iX 3 i 

A 

12 3 

3 62 

I 08 

3 99 

I 65 

I OS 

68 

3 iX 3 i 

i 

13 5 

3 98 

I 10 

4 33 

I 81 

I 04 

68 

3 iX 3 i 


14 8 

4 34 

I 12 

4 6 s 

I 96 

I 04 

67 

3 iX 3 i 

A 

IS 9 

4 69 

I IS 

4 96 

2 II 

I 03 

67 

3 iX 3 i 


17 I 

5 03 

1. 17 

5 25 

2 25 

I 02 

67 

4X4 

ft 

8 2 

2 40 

I 12 

3 71 

I 29 

I 24 

79 

4X4 

I 

9 7 

2 86 

I 14 

4 36 

I 52 

I 23 

79 

4 X 4 

A 

II 2 

3 31 

I 16 

4 97 

I 75 

I 23 

78 

4X4 

4 

12 8 

3 7 S 

I 18 

5 S <5 

1 97 

I 22 

78 

4X4 

A 

14 2 

4 18 

I 21 

6 12 

2 19 

I 21 

78 

4X4 

f 

15 7 

4 61 

I 23 

6 66 

2 40 

I 20 

77 

4X4 

tt 

17 I 

5 03 

I 25 

7 17 

2 61 

I 19 

77 

4X4 

f 

18 S 

5 44 

I 27 

7 66 

2 81 

I 19 

77 

4X4 

a 

19 9 

S 84 

I 29 

8 14 

3 01 

I 18 

77 

sxs 

I 

12 3 

3 61 

I 39 

8 74 

2.42 

I 56 


SXS 

A 

14 3 

4 18 

1. 41 

10 02 

2.79 

I-SS 

98 

sxs 

4 

16 2 

4 7 S 

I 43 

II 25 

3 IS 

I.S 4 

98 



TABLE TK.— {Continued) 

FBOFEBTIES OF STANDARD ANGLES HATING EQUAL LEGS 
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TABLE X 

PROPERTIES OP STANDARD ANGLES HAVING UNEQUAL LEGS 




16 
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TABLE X — {Continued) 

PKOPERTIKS or STANDARD ANGLRS HAVING UNEQUAL LEGS 



1 

S 

5 

4 

£ 

e 

7 

5 

9 

10 

11 

12 

IS 

^ Widths 

^ Inches 

Thickness 
** Inch 

Weight per Foot 
Pounds 

^ Area of Section 

Square Inches 

Distance of Center of 
Gravity From Back of 
” Longer Flange Inches 

Moment of Inertia, 

^ Referred to the Inch 
Axis 1—1 

Section Modulus, 

0 Referred to the Inch 
Axis 1-1 

Radius of Gyration, 

1 Axis 1-1 

Inches 

Distance of Center of 

H. Gravity Prom Back of 
Shorter Flange Inches 

Moment of Inertia, 
Referred to the Inch 
Axis 2-S 

Section Modulus, 

0 Referred to the Inch 
Axis 2-S 

Radius of Gyration, 

"X Axis 2-2 

Inches 

■sX 

(2g‘ 

f// 

6 X 3 i 

i 

15 

3 

4 so 

83 

425 

I 59 

97 

2 08 

16 59 

4 24 

I 92 

76 

6 X 3 ^ 

A 

17 

I 

S 03 

86 

467 

I 77 

96 

2 II 

18 37 

4 72 

I 91 

75 

6X3} 

f 

18 

9 

S 55 

88 

5 08 

I 94 

96 

2 13 

20 08 

5 19 

I 90 

75 

6 X 3 i 

tt 

20 

6 

6 06 

90 

5 47 

2 II 

95 

2 15 

21 74 

5 65 

I 89 

75 

6 X 3 i 

i 

22 

3 

6 56 

93 

5 84 

2 27 

94 

2 18 

23 34 

6 10 

I 89 

75 

6X3^ 

a 

24 

0 

7 06 

•95 

6 20 

2 43 

94 

2 20 

24 89 

6 55 

I 88 

75 

6 X 3 i 


2S 

7 

7 ss 

•97 

6 SS 

* S 9 

93 

2 22 

26 39 

698 

I 87 

75 

6X3^ 

a 

27 

3 

8 03 

99 

6 88 

2 74 

93 

2 24 

2784 

7 41 

I 86 

74 

6X3i 

I 

28 

9 

8 50 

I 01 

7 21 

2 90 

92 

2 26 

29 24 

7 83 

I 8s 

74 

6x4 

1 

12 

3 

3 61 

94 

490 

I 60 

I 17 

I 94 

13 47 

3 32 

I 93 

88 

6x4 

A 

14 

2 

4 18 

96 

5 60 

I 85 

I 16 

I 96 

IS 46 

383 

I 92 

87 

6X4 


16 

2 

4 75 

99 

6 27 

2 08 

I 15 

I 99 

17 40 

4 33 

I 91 

87 

6x4 

A 

18 

I 

s 

I 01 

6 91 

2 31 

1. 14 

2 01 

19 26 

4 83 

I 90 

87 

6X4 

i 

19 

9 

5*86 

I 03 

7 s* 

2 54 

i'i 3 

2 03 

21 07 

5 31 

I 90 

86 

6X4 

tt 

21 

8 

6 40 

I 06 

8 II 

2,76 

I- 13 

2 06 

22 82 

S 78 

I 89 

86 

6x4 

i 

23 

6 

6 94 

00 

0 

H 

8 68 

2 97 

I 12 

2 08 

*4 SI 

6 25 

I 88 

86 

6x4 


25 

4 

7 46 

I 10 

923 

3 18 

I II 

2 10 

26 15 

6 70 

I 87 

.86 

6X4 

i 


2 

7 98 

I 12 

9 75 

3 39 

I II 

2 12 

»7 73 

7 IS 

I 86 

.86 

6X4 

« 

28 

9 

8 50 

I 14 

10 26 

3 59 

I 10 

2 14 

29 26 

7 S 9 

I 86 

.85 

6X4 

I 

30 

6 

9.00 

I 17 

10 7 S 

3 79 

I 09 

2 17 

30 7 S 

8 02 

I 8s 

•85 

7x3! 

i 

17 

0 

5 00 

.78 

441 

I 62 

.94 

2.53 

25 41 

5 68 1 

2 25 

,89 

7X3i 

A 

19 

I 

5 59 

80 

4 86 

I 80 

•93 

2 55 

28 18 

6 33 

2 25 

,89 

7X3i 

1 

; 21 

0 

6 17 

82 

5^8 

I 97 

93 

2 57 

30 86 

6 97 

2 24 

89 

7 X 3 ! 

tt 

23 

0 

6 75 

8s 

569 

2 14 

92 

2 60 

31 47 

7 60 

2 23 

89 

7 X 3 i 

i 

1 24 

9 

7 31 

87 

608 

2 31 

91 

2 62 

35 99 

8 22 

2 22 

88 

7 X 3 i 

H 

1 26 

8 

7 87 

.89 

6 46 

2 48 

.91 

2 64 

38 45 

882 

2 21 

.88 

7 X 3 i 

* 

28 

7 

8 42 

.92 

683 

2 64 

.90 

2 67 

40 82 

942 

2.20 

88 

7X3i 

a 

30 

5 

8 97 

.94 

7 18 

2 80 

.89 

2 69 

43 13 

10 00 

2 19 

88 

7 X 3 i 

I 

32 

3 

9 SO 

96 

7 53 

2 96 

.89 

2 71 

45 37 

10.58 

2.19 

,88 


17 

















TABLE XI 


THICE29BSSES OF ANGLES FOB WHICH NOMINAL AND 
ACTUAL WIDTHS ARE EQUAL 


Equal Lffigs 
Inches 

Thicknesses 

Inch 

Unequal Legs 
Inches 

Thicknesses 

Inch 

8 X 8 

i and | 

7X3i 

i and f 

6 X 6 

1 and iJ 

6 X 4 

f and A 

4 X 4 

^ and i 

6X3^ 

f and A 

3iX3i 

A and i 

SX3i 

A and i 

3 X 3 

i 

SX3 

A and i 

a^Xai 

A 

4 X 3 

A and i 

2 X 2 

A 

3iX3 

A 

liXii 

A 

3^ X 2^ 

i 

i^Xii 

i 

3X2i 

i 

lixii 

i 

2 ^X 2 

A 


TABLE XII 

STANDARD GAUGE LINES FOR ANGLES* IN INCHES 










PROPERTIES OF STANDARD CHAlTNEIiS 
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TABLE XV 

CAST-IRON SEPARATORS 



Depth of 
Beam 
Inches 

Weight of 
Beam 
Pounds per 
Foot 

Center to 
Center of 
Beams 
Inches 

Center to 
Center of 
Bolts 
Inches 

Thickness of 
Separator 
Inch 

Weight of 
Separator 
Pounds 

6 

12 25 

4 

* 

i 

4 

7 

15 00 

4i 

* 

i 

4 

8 

18 00 

4i 


i 

6 

9 

21 00 

S 

* 

i 

7 

10 

25 00 

Si 

* 

i 

8 

12 

31 5 ° 

Si 

♦ 

i 

10 

12 

40 00 

6 

♦ 

i 

10 

12 

31 5 ° 

si 

s 

i 

II 

12 

40 00 

6 

s 

i 

n 

IS 

42 00 

6i 

7i 

i 

IS 

15 

60 00 

6i 

7 i 

i 

15 

IS 

80 00 

7i 

7 i 

i 

15 

i8 

SS 00 

6i 

9 

f 

i 6 

20 

65 00 

7 

12 

f 

25 

20 

80 00 

7i 

12 

i 

28 

24 

80 00 

7i 

12 

f 

32 


*For these beams, but one bolt is used. 
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TABLE XVm 

PKOPERTIBS AND PRINCIPAL DIMENSIONS OP STANDARD 

T RAILS 



1 

2 

s 

D 

5 

6 

n 

8 

5 

[ Weight 

per Yard 

Pounds 

Area 

Square 

Inches 

b 

Inches 

d 

Inches 

k 

Inches 

t 

Inch 

X 

Inches 

Axis 1-1 

Moment of 
Inertia 

Section 
^ Modulus 

. 

l6 

I 57 

2i 

2i 

lA 

A 

I 10 

1 13 

99 

20 

2 00 

2 j 

2i 

if 

4 

I 2 

I 5 

I 2 

35 

25 

2i 


li 

H 

I 4 

2 4 

1-7 

30 

29 

3A 

3 

itt 

44 

I 5 

1 37 

2 4 

35 

34 

3i 

3A 

liJ 

41 

1 5 

43 

2 8 

40 

3 9 

3i 

3i 

lii 

li 

1 7 

6 0 

3-4 

4 S 

44 

3 i 

3i 

iH 

i 

1.8 

I 76 

3 9 

SO 

49 

3 i 

3I 

2i 

A 

I 9 

' 10 I 

S-I 

SS 

54 

4A 

4A 

2i 

4 i 

2 0 

12 2 

5 9 

60 

59 

4i 

44 

2i 

li 

2.1 

147 

67 

6 S 

6 4 

4A 

4A 

2if 

4 

2 I 

17 0 

74 

70 

69 

4l 

4# 

2A 

li 

2 2 

20 0 

8.4 

75 

7-4 

4H 

4li 

2ji 

44 

2 3 

23 0 

9 I 

80 

78 

5 

5 

24 

a 

2 4 

26 7 

10 I 

85 

8.3 

sA 

sA 

2A 

A 

2 5 

30 s 

II. 2 

Qo 

8.8 

si 

si 

2i 

A 

2 6 

35-2 

12 6 

100 

9.8 

si 


2i 

A 

2 8 

44-4 

iS‘0 
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TABLE XIX 

SIZES OF FULL AND COUNTERSUNK RIVET HEADS 



TABLE XX 

ADDITIONAL LENGTH OF RIVET TO FORM ONE HEAD 



Button Heads 

Countersunk Rivets 

Grip of 


Diameter of Rivet 


Diameter of Rivet 

Inches 



Inches 



Inches 




4 

i 

i 

i 

I 1 

i 

t 

i 

i 

I 

ito li 

I 

If 

if 

if 

If 

f 





if to 3 

if 

If 

4 

If 

If 

f 





3f to 4f 

If 

if 

If 

If 

if 

f 





4 f to 6 

If 

If 

If 

If 

1 

2 

1 

f 






TABLE XXI 

WEIGHT OF 100 RIVET HEADS 


Diameter of Rivet, Inches 

i 

i 

i 

i 

I 

Weight of 100 Heads 1 
Pounds J 

— g-- ^ > 

g 


B 

16.7 

ai.8 
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MULTIPLICATION TABLE FOR RIVET SPACING 











Number 
of Spaces 
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TABLE XXn— (CwiftMKifa?) 

MULTIPLICATION TABLE TOR RIVET SPACING 
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TABLE ■KXlI—{Coniiniied) 
MULTIPIilCATION TABLE FOR RIVET SPACING 












Number 
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TABIiS :SJai—{C<mtmwd) 

MUliTlPIilOATlON TABLB FOB RIVET SPAOIHO 


















TABIiE XXin 

CONVENTIONAL 8I«NS FOR STRUCTURAL RIVETS 

Shop Field 


Two full heads, 


o • 


Countersunk inside and not chipped 

Countersunk outside and not chipped . . 

Countersunk both sides and not chipped 

Where rivets must be chipped, the drawings should state 


the fact. 

Both 


Inside Outside 

Sides 

Flatten to | inch high 

■0 0 0 

(a) 

Shop Field 

Two full heads 

o • 



Countersunk inside and chipped 


Countersunk outside and chipped 



Countersunk both sides and 


chipped . . . 



Inside Outside 

Flatten to -J- inch high 

or countersunk 

0 

and not chipped. . . . 

0 

Flatten to J inch high. 

0 

0 

Flatten to f inch high , 

® 

0 



Both 

Sides 

0 


m 
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TABLE XXIT 

RADII OF GYRATION FOR TWO ANGLES HAVING EQUAL 
LEGS AND PLACED BACK TO BACK 



Dixaensions 

Inches 

Thickness 

Inches 

Area of Two 
Angles 

Square Inches 

1 

I Radii of Gyration 

^0 





2X2 

A 

1 42 

,62 

.84 

•93 

I 03 

1 

I 13 

2X 2 

A 

3 12 

S 9 


88 

98 

I 08 

1 I 19 

2^x2^ 

A 

I 80 

.78 

I 

04 

I 13 

I 22 

I 32 

2iX 2 \ 

i 

4 so 

.74 

I 

10 

1. 19 

1 . 29 

I 40 

3X3 

i 

2 88 

93 

I 

25 

1-34 

I 43 

I S 3 

3X3 

i 

6.72 

88 

I 

32 

I. 41 

1 51 

1.62 

3 iX 3 i 

A 

4 18 

I 08 

I 

47 

I 56 

I 6s 

I 74 

3 i^X 3 i 

« 

10 06 

1 . 02 

I 

•55 

I 64 

I 74 

I 85 

4X4 

A 

4 80 

I 24 

I 

67 

I 76 

I 8s 

I 94 

4X4 

a 

11,68 

1,18 

I 

7 S 

1.84 

I 94 

2 04 

6X6 

1 

8.72 

1.88 

2 

1 

49 

2 58 

2 67 

2 76 

6X6 

I 

22 00 

I 80 

2 

S 9 

2 68 

2 77 

2.87 

8X8 

i 

IS SO 

2 50 

3 

32 

3 40 

3-49 

3-58 

8X8 

li 

33-46 

2 42 

3 

42 

3-51 

3 -60 

3 69 


S8 
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TABLE XXT 

RADII OF GYRATION FOR TWO ANGLES HAVING UNEQUAL 
LEGS AND PLACED BACK TO BACK 












BRIDGE TABLES 


39 


TABLE XXVI 

BABII OB’ GYRATION FOB TWO ANGLES HAVING UNEQUAX 
LEGS AND PLACED BACK: TO BACK 
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TABLE XXVII 

ARBA8 TO BB DEDUCTED BOB RIVET BOLES 










rSlONS OF SCBEW ENDS AND NUTS FOR PINS, IN INCHES 
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Add to 
Gnp 

A 

r+dt rfm 

Hn Hn 

Hn wH* wHf mH* 

Weight of 
Nut 
Pounds 

lo LO O 

« <N ro 

in 0 ^ 

lo r>. 00 

0 0 m 0 

w w CO Os 

M M M W 

Long Diam- 
eter of Nut 
N 

TJ- lo 

nH« U3|Q0 Hm 
m VO Os 

Hoo Hn e*io 

00 Ov Ov 0 

M 

cess m 
Nut 

R 

w|oo cofso cq|qo 

HN iHc- 4 Hei 

Hn «H< «Ni 

CD 




"o 




Thickness 

Nut 

T 

I 

I 

I 

rf# iH-di r+di 

M M M 

H^ Hc» Hn Hn 

M M M H 

Length of 
Screw 

L 

iHn Hm Hn 

M H W 

Hoo Hoo Hoo 

IH M H 

Hao cQjoo cqjoo eoleo 

M W W W 

meter of 
Screw 

5 

H es es 

Hn 

CO ro Tj- 

H« Hn 

^ m m VO 

cd 

P 




Diameter of 
Pin 

D 

n|^ tHw 

W N CO 

B $ B 

M CQlOO Hoo 

N N 

c*+ i-H 

rt- in 

B B B 

w(oo F-*» r-to3 
CO Tf- Tf 

Hn hn 

VO VO lx 00 

5 5 5 5 

c*o HdQ ><*0 tdpo 

in VO VO ^s. 
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Length of 

End 

E 

ioIqo iQloo Hoo Hw Hw Hao njao 

H H H H H 

Length of 
Cotter Pm 

^ 1 

wH* Hn cflH* r-Hi mH' 

MWW co^io 

Diameter of 
Cotter Pm 
d 

HSHhHn 

Thickness of 
Head 

T 

I-Hl I-H* r+4( ccjoo osjao coju M|ao Hn 

Diameter of 
Head 

H 

1-H HN PsH eo|po iQ)ae Hao H* Hn 

MHM CSC4C4 NrOC*^ 

Diameter of 
Pm 

D 

r+# Hn C0H< r+4* HN ecHt 

MHH HC40t CSOir'" 
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TABLE XXX 
STEEL BTEBABS 



Width of 
Body of Bar 
W 

Inches 

Minimum 
Thickness 
of Bar 
t 

Inch 

Diameter of 
Head of 
Bar 

H 

Inches 

Diameter 
of Largest 
Pinhole 

P 

Inches 

Additional 
Length to 
Form Head 
U 





r ft 

2 

i 

4i 


Or- 7i 

2 

i 

si 

4 

I- i 


i 

si 

2i 

o- 


i 

6i 

3i 

I- 

3 

i 

6i 


o-ioj- 

3 

f 

8 

4 

I- si 

3 

i 

9 

s 

I-loJ 

4 

i 

9i 

4i 

I- si 

4 

i 

loi 

si 

I- 9 

4 

i 


6i 

2- 3i 

S 

f 


4t 

I- 8 

S 

i 


Sf 

2- 0 

5 

I 

13 

6i 

2- 3i 

5 

I 

14 

74 

2- 8 

6 

i 

i3i 

Si 

I- 9i 

6 

i 

i4i 

6i 

2- 3 

6 

I 

iSi 

7i 

2- 7i 

7 

« ' 

iSi 

St 

2- 2 

7 


17 

74 

2- 8 

8 

1 

17 

si 

2- li 

8 

I 

l8 

6i 

2- 6i 

8 

1 

19 

8 

2-1 1 
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TABLE XXXI 
ADJUSTABLE EYEBAR8 


{All dimensions in inches) 



Width of 
Bar 

W 

Thickness of 
Bar 

t 

Diameter 
of Upset 
End 

D 

\ 

Length of 
Screw 

5 

Additional 
Length 
Required to 
Form Screw 
End 

U 

2 

I 

2 

si 

6 

3 


2i 

6i 


3 

I 


6i 

iii 

3 

li 

2f 

7 

II 

3 


3 

7 

lO 

4 

i 

2i 

6i 

I2f 

4 

I 

2f 

7 

II 

4 

li 

3i 

7i 

II 

4 


3i 

7i 

lO 

4 

li 

3f 

7i 

9i 

s 


2f 

7 

II 

s 

1 

I 

3i 

7i 

loi 

s 

li 

3i 

7i 

9i 

5 

li 1 

3f 

7i 

9f 

5 

If ! 

4 

7i 

lO 

6 

li 

3f 

7i 

lO 

6 

li 

3f 

7i 

9 

6 

li 

4 

7i 

9 


* . A 









TABLE XXXU 

PBESSSD WKOUGHT-IRON TURNBUCKIjES 



Diameter 
to of Screw 
Inches 

Dimensions, m Inches 

Wei^t of 
One Turn- 
buckle 
Pounds 1 

L 

T 

E 

F 


i 

8f 


li 

1 

i4 

2i 

I 

9 


lA 

A 

i4 

34 

li 

9t 

i44 

lA 

4 

li 

4 


9f 


lA 

4 

14 

s4 


loj 

2i^ 

lii 

4 

If 

6 


loj 

2i 

If 

f 

If 

7 

If 

loj 

2A 

2 

f 

If 

84 

If 

Ili 

2 f 

24 

f 

2 

10 


Ilf 

2 li 

2A 

14 

2 

11 + 

2 

12 

3 

2 f 

14 

2 i 

13 

2 i 

I 2 f 

3A 

24 

M 

2 i 

IS 

2 i 

i 2 i 

3i 

214 

H 

24 

18 

2 f 

I3f 

3A 

2 f 

H 

2 f 

20 


i3f 

3f 

3 A 

34 

3 

24 

4 

i3f 

3ifi 

34 

If 

3 

28 

2 i 

144 

44 

34 

If 

34 

30 

2 | 

I4f 

4 A 

3 A 

i^r 

34 

34 

3 

IS 

44 

3f 

i^ 

34 

38 

3i 

iSf 

44 

34 

I* 

4 

so 

si 

i6i- 

S4 

44 

i44 

4 

65 

si 

i 8 

6 

4A 

lA 

S 

82 

4 

i 8 

6 

4f 

ift 

s 

100 


45 


46 
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OQ 

00 



Weight of 
One Clevis 
Pounds 

Hn Hn i-H osH' i-H* •-H' 

lOVOt^Os POO»oO 

M N M CO 

i 

Thickness 
of Side 
Inch 

HN Hn ^ HW H 

lOtBO 

Width of 
Side 
Inches 

W 

WNCICO 

Width of 
Fork 
Inches 

Z 

r-4ao n)ao icko Hoo H^o ntoo iq|do 
HMHH 

Length of 
Fork 
Inches 

L 

Pc|^ 

Lomxnio tN.rs.ts.oO 

Diameter 
of Largest 
Pm 
Inches 

D 

Hn iHn Hn wHi 

MCicqc^ WMC^co 

Diameter 
of Head 
Inches 

E 

Hw Hbo efl(oo t-joo 
'^lO'O'O 

Length of 
T£ead 
Inches 

T 

HN Hn »^l mH HoO mH* 

HHHH CStNClM 

Diameter of 
Screw 
Inches 

B 

r+«ji Hci «H* •-H' Hn mH 

HHHH ClCtCSM 

^ ^ ^ 

Hbo Hbo M^ae toju Hw Hw eotoo io|m 

H H H M M d o 



TABLE XXXV 

WORKING STRESSES POR COMPRESSION 


16,000 

i + — ^ , 

18,000 


16 

15.780 

17 

15.750 

18 

15.720 

19 

15.690 

20 

15.650 

21 

15.620 

22 

15.580 

33 

15.530 

24 

15.500 

25 

15.460 

26 

15.420 

27 

15.380 

28 

15.330 

29 

15.290 

30 

15.240 

31 

15.190 

32 

15.140 

33 

15.090 

34 

15.030 

35 

14.980 

36 

14.930 

37 

14,870 

38 

14,810 

39 

14,750 

40 

14,690 

41 

14.630 

42 

14.570 

43 

14.510 

44 

14.450 

45 

14,380 

46 

14.320 

47 

14.250 

48 

14,180 

49 

14,120 

50 

14,050 


r 

16,000 

1+ ^ 

18,000 

SI 

13,980 

52 

13.910 

S 3 

13,840 

S 4 

13.770 

SS 

13.700 

S6 

13.630 

S 7 

13.SS0 

S8 

13.480 

S 9 

13.410 

60 

13.330 

61 

13.260 

62 

13.180 

63 

13,110 

64 

13.030 

6S 

12,960 

66 

12,880 

67 

12,810 

68 

12,730 

69 

12,650 

70 

12,580 

71 

12,500 

72 

12,420 

73 

12,340 

74 

12,270 

7 S 

12,190 

76 

12,110 

77 

12,040 

78 

11,960 

79 

11,880 

80 

11,800 

81 

11.730 

82 

11,650 

83 

II.S 70 

84 

11,490 

85 

11,420 


1 

r 

16,000 

1+ 

18,000 


— 



88 

11,190 

89 

11,110 

90 

11,030 

91 

10,960 

92 

10,880 

93 

10,810 

94 

10,730 

9 S 

10,660 

96 

10,580 

97 

10,510 

98 

10,430 

99 

10,360 

100 

10,290 

lOI 

10,210 

102 

10,140 

103 

10,070 

104 

9.990 

los 

9.930 

106 

9.850 

107 

9.780 

108 

9.710 

109 

9.640 

no 

9.570 

III 

9.500 

II2 

9.430 

II3 

9.360 

II4 

9,290 

IIS 

9,220 

II6 

9,160 

ti7 

9.090 

C18 

9,020 

119 

8,950 

120 

8,890 
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SHBABING AJSCD BEASLNO VALUES OF RIVETS, IN POUTTDS 














8HBASING AND BBABIKe VAI.UE8 OF RIVJETS, IN POUNDS 



3i37o 6,750 3,440 1 4,300 5, 160 6,020 6,880 7,740 8,600 

4,860 9,720 4,130 5,160 6,190 7,220 8,250 9,280 10,320 11,340 12,380 

6,610 13*330 4*810 6,020 7,220 8,430 9,630 10,840 12,040 13,240 14.440 15.640 16,840 

8,640 17,280 5,500 6,880 I 8,250 9,630 11,000 12,380 13,750 15,130 16,500 17,880 19,250 20,630 
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BRIDGE SPECIFICATIONS 


INTRODUCTION 

1. In the early days of bridge trusses, when wood, being 
plentiful and cheap, was used to a great extent, bndges 
were invariably built without plans, and in a great many 
cases without previously calculating any stresses or design- 
ing any members. They were built by men called bridge 
carpenters, and the experience of the foreman or superin- 
tendent of the gang usually enabled him to decide on the 
sizes of members to be used As the loads were then light 
and timber was much more plentiful than it is now, the 
errors were generally on the side of safety; that is, the 
bridges were made more than strong enough for the loads, 

2. When wood was replaced by wrought iron, it became 
necessary to manufacture in the shops most of the members, 
and designs and plans were made. There were no systematic 
scientific methods of design, however; the details, instead 
of being proportioned according to the forces they were to 
resist, were designed and arranged as seemed most conve- 
nient. Many bridges at that time were designed by shop 
foremen that bad no knowledge of stresses; the members 
were laid out full size on the shop floors, and made so as to 
utilize the material on hand in the stock yard. Very few, if 
any, bridges were designed to allow an increase in the loads 
they were to carry m the future. 

S. Later, engineers began to realize that both safety and 
economy required that bridges should be designed according 
to scientific principles and constructed in conformity with 

OOPVfItaHTEP BY INTERNATIONAL TEXTBOOK aOHPANY ALL RIQHT* REBBRVBB 
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2 BRIDGE SPECIFICATIONS §74 

fixed rules derived from both experience and theoretical 
investigations. Such rules, when assembled together for the 
guidance of the designer, builder, or contractor, are called 
speclflcatlous. Specifications differed greatly at first, but 
after a short time they began to approach each other, and 
today the points m which the various specifications differ 
from one another are comparatively few. It is not unlikely 
that standard specifications for the construction of all 
bridges of the same type will be adopted in the near future. 
The introduction of such uniform system will greatly facilitate 
bridge design and construction. 

4. When the earlier bridges were finished, the plans, if 
any, that had been used in the design and construction were 
either destroyed or lost, as the importance of saving them 
for future reference was apparently not fully realized. As 
a result, there are at the present time many bridges in use 
for which no plans can be found; when it is desired to know 
if they can support with safety heavier loads than they have 
been carrying, it is difficult and very expensive to calculate 
their strength, for it is first necessary to measure accurately 
the span, panel length, and depth of girders, and trusses, 
the cross-sections of stnngers, floorbeams, girders, and truss 
members, and the details of all connections. For this reason, 
it has become the custom to keep on file detail plans of 
every new bndge; these plans show the location of every 
nvet and the size of every piece of metal m the structure, 
and are of great value for future reference. 

6. In the following articles are given bridge specifica- 
tions agreeing with the best practice in the United States at 
the present time. The clauses are those that actual practice 
has shown to be most suitably adapted to the purposes stated. 
Some of these specifications will be discussed at the end of 
this Section; others, such as those relatmg to plate girders, 
will given in the Sections on design. It will be sufficient 
for the student to read these specifications very carefully, 
so as to get a good idea of their contents; it is not neces- 
sary to memorize them. 



§74 BRIDGE SPECIFICATIONS S 

The bridges in the following Sections will be designed 
according to these specifications. In case it is necessary to 
design bridges according to other specifications, as is usually 
the case when a designer works for a bridge or railroad 
company, it will simply be necessary to read over the other 
specifications and design the work accordingly. 


SPECIFICATIONS FOE THE DESIGN OF 
STEEL BRIDGES 


PLANS AND PROPOSALS 

6. Engineer and Contractor, — The term Engineer, 
where used in these specifications, refers to the Chief or Con- 
sulting Engineer in charge of the design and construction of 
the bridge, and to his duly authorized assistants or repre- 
sentatives. The term Contractor refers to the bidder to 
whom the contract for the work has been awarded, and to 
his duly authorized representatives. The decision of the 
Engineer shall be authoritative in all cases of uncertainty. 

7. Letter ol Invitation. — A copy of these specifications 
will be furnished each bidder; in addition, he will be given 
a letter of invitation to bid, stating the general descrip- 
tion of the work for which bids are desired and any additional 
facts that may be necessary. In case the requirements 
given in the letter of invitation conflict in any way with those 
in the specifications, those in the letter of invitation will rule. 

8. Bids. — Bids shall state the total sum for which the 
work,' as described in the letter of invitation, will be done, 
the estimated weight, and price per pound, of each class of 
material, and the amount of time required to complete the 
work. They shall be made with the understanding that 
the Engineer reserves the right to make such changes in 
the plans, before the commencement of work, as may be 
considered advisable by him to render the bridge a satisfac- 
tory piece of work. The increase or decrease in price due 
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10 such change shall be estimated from the pound price of 
the original bid, and shall be added to or deducted from the 
contract price. 

9. Extension of Time. — The Contractor shall be respon- 
sible for damages on account of delay from any cause during 
the progress of the work. If any unforeseen delay shall 
arise, it will entitle him to an extension of time, to be 
granted in writing by the Engineer at the time of the delay, 

10. Patent Devices. — The Contractor shall assume all 
responsibility for the use of patent devices in any part of the 
bridge, or m connection with the work of construction. 

11. Subcontractors. — No part of the work shall be sub- 
let, nor shall the contract for the whole or any part of the work 
be assigned by the Contractor, without the written consent 
of the Engineer. No part of the work shall be done in a shop 
not properly equipped with modern facilities. These specifi- 
cations shall be binding on subcontractors in every respect. 

12. Flans and Stress Sheets. — As a rule, the Engineer 
will provide each bidder with plans and stress sheets, show- 
ing the loads assumed, the resulting stresses, the proposed 
sizes and sectional areas of the members, and the style of 
the details and connections, as well as lengths, heights, and 
clearances. The bidder shall verify the plans before he 
submits his bid, and he alone shall be responsible for any 
errors, except as to general layout. He shall return the 
Engineer’s plans if his bid is not accepted. If the Engineer 
does not furnish plans and stress sheets as described, the 
bidder shall furnish them with his bid, if requested to do so 
by the Engineer. 

13. Working Drawings. — After a contract has been 
awarded and before any material is ordered or work com- 
menced, the Contractor shall submit to the Engineer three 
complete sets of working drawings, including erection dia- 
grams. When satisfactory, one set of such drawings and 
diagrams will be approved and returned to the Contractor, 
and all work shall be 'done in accordance with them. The 
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Contractor alone shall be responsible for the correctness of 
these drawingrs, even if they have been approved by the 
Engineer. No changes shall be made on the drawings after 
they have been approved, unless authorized in writing by 
the Engineer. On the completion of the work, the Con- 
tractor shall furnish the Engineer one complete set of tra- 
cings of the working drawings, which will be permanently 
filed m the office of the Engineer. The Contractor shall, 
when required, furnish also the necessary plans for design- 
ing the masonry. 

Drawings shall preferably be not more than 24 in. X 36 in., 
with details drawn to a scale of | or 1 inch to 1 foot. 


DESIGN OF RAILROAD BRIDGES 


GENERAL DIMENSIONS 

14, Kinds of Bridges. — The following kinds of bridges 
shall preferably be used: 

For spans less than 25 feet in length, rolled beams. 

For spans from 25 to 100 feet in length, plate girders. 

For spans from 100 to 160 feet in length, riveted trusses. 

For spans over 150 feet in length, pm-connected trusses. 

If, for any reason, it is desired to depart more than 10 feet 
from these limits, permission m wnting must be obtained 
from the Engineer. 

Deck bridges will have the preference wherever the con- 
ditions permit their use. 

16. Panel Eengths and Depths. — The depth of plate 
girders shall preferably be one-eighth, and in no case less 
than one-twelfth, of the span. The depth of trusses shall 
preferably be not less than one-sixth of the span. Panel 
lengths shall preferably be from 10 to 25 feet, and in truss 
bndges shall be so chosen that the angle between diagonal 
web members and the lower chord shall be not less than 60®. 

16. Spacing of Stringers and Deck Girders. — 
Stringers shall be spaced 6 feet 6 inches center to center. 
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Deck girders less than 70 feet long shall be spaced 6 feet 
6 inches center to center, deck girders over 70 feet long* 
shall be spaced 6 inches farther apart for each 10 feet increase 
in length In bridges on curves, the center 
line between stringers, and between deck 
girders, shall be parallel to the chord of the 
curve between abutments, and at a distance 
from it equal to two -thirds the middle 
ordinate. 

17. Half-Tlirougli Bridges. — Half- 
through truss bridges shall be avoided when 
possible. Where used, the flanges and 
brackets shall not come closer to the center line of track than 
shown in outline in Fig. 1. 



PlO 1 


18. TlLrough. Bridges. — In through bridges on 
straight track, no part of the structure shall come closer to 
the center Ime of the nearest track than 
shown in outline in Fig. 2. In bridges 
on curves, there shall be provided 1 inch 
additional clearance on each side of the 
track for each degree of curvature, and 
2i inches additional clearance on the 
inside of the curve for each inch of 
superelevation of track. 

19. Spacing and Gauge of 
Tracks. — Tracks shall be spaced 
13 feet center to center, unless other- 
wise specified. The gauge of track is 
4 feet Si inches. 

20. Spacing of Trusses. — The 
distance center to center of trusses shall 
preferably be not less than one-twelfth 
the span, and in no case less than one- 
half the depth of trusses. 

21. Double-Track Spans.— Double-track spans shall 
preferably have only two trusses or girders. Where, on 
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account of thin floors, three-truss bridges are advisable, the 
tracks shall be spread so as to provide the proper clearance 
between the trusses for each track. 


LOADING 

22. Xioads. — Bridges shall be designed to resist properly 
the stresses caused by the following forces, dead load; live^ 
or moving^ load; impact and vibration, centrifugal force; wind 
pressure, and the longitudinal force due to suddenly stopping 
trains^ 

23. Dead Doad. — The dead load shall consist of the 
estimated weight of the entire structure. The weight of 
ties, guard timbers, and rails shall be taken as 400 pounds 
per linear foot of track, of timber as 43 pounds per board 
foot, and of ballast as 120 pounds per cubic foot. In truss 
bridges, two-thirds of the dead load shall, in general, be 
assumed as applied at the loaded chord, and one-third at the 
unloaded chord. 


24. Live Load. — The live load on each track shall 
consist of two engines followed by a uniform load of 6,000 
pounds per linear foot, as represented in Fig. 3, or a loading 
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having the same spacing of wheels and derived from the 
former by multiplying each load by the same number. 

26. Impact and Vibration. — To provide for impact 
and vibration, an amount /is to be added to the stress or 
bending moment in each member, as given in the following 
formulas, in which 

S = maximum live-load stress or bending moment in the 
member, 

L - length, in feet, of single track that must be loaded in 
order to obtain the value 5. 
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For counters, hip verticals, subverticals, short diagonals, 
floor members and connections, and members subject to 
reversal of stress, 

7=5 

For all other members, 

/ = _ 300 _^ 

A+ 300 

26. Centrifugal Force. — In bridges on curves, the 
centrifugal force F shall be found from the formula 

F = 

100 

in which D = degree of curvature; 

W = live load. 

Centrifugal force shall be assumed to act 6 feet above the 
rail. 

27. Wind Pressure. — Wind pressure shall be assumed 
as 300 pounds per linear foot on a train, applied 7 feet above 
the top of the rail, and 30 pounds per square foot on the 
exposed area of one girder in girder bridges, one truss in 
through bridges, or two trusses in deck bridges, together 
with the floor in truss bridges. When 60 pounds per square 
foot on twice the exposed area of one truss and the exposed 
area of the floor, with no train on the bridge, produces 
greater stresses than the above, the greater stresses shall 
be used. 

28. Suddenly Stopping Trains. — The longitudinal 
force due to the friction between the rails and the wheels 
of suddenly stoppmg trains shall be taken as one-fifth of 
the live load on the structure. 


DESIGN or MEMBERS 

29. Working Stresses. — All parts shall be so designed 
that the sum of the maximum stresses in any part shall not 
cause the intensity of stress to exceed the following values 
m pounds per square inch: 

Tension on net section, 16,000. 
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Compression on gross section, 

16,000 

^ 18,000?^ 

in which I = unsupported length of member, in inches; 
r — least radius of gyration, in inches. 

In half-through truss bridges, the entire length of the 
upper chord shall be considered unsupported laterally. 

Shear on net section of web-plates, 

12,000 

1+-^ 

^3,000/* 

in which t = thickness of web, in inches; 

d = clear distance, in inches, between stiffeners or 
flange angles, whichever is the smaller. 

The intensity of the shearmg stress found by dividing the 
total vertical shear by the gross area of cross-section of the 
web shall in no case exceed 9,000. 

Shear on shop rivets and pins, 11,000. 

Shear on field rivets and turned bolts, 9,000. 

Bending on pins, 22,000, 

Bending on rolled sections and plate girders: 

Tension, 16,000. 

Compression, when unsupported length I of compres- 
sion flange is not greater than twenty tunes the 
width 16,000. 

Compression, when / is greater than 20 a/, 

20,000-200- 

W 

Bearing on shop rivets and pins, 22,000. 

Bearing on field rivets, turned bolts, and ends of stiffeners, 
18,000. 

Bearing on masonry: 

Sandstone and limestone, 300. 

Cement concrete, 400. 

Granite, 600. 

Bearing on rollers shall not exceed 600 D pounds per 
linear inch of roller, £> being diameter of roller in inches. 
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30. Data.— The following general dimensions shall first 
be calculated or assumed: 

Length of trusses, center to center of end pins or pedestals, 

Length of girders, center to center of bearings. 

Length of floorbeams, center to center of girders or 
trusses. 

Length of stringers, center to center of floorbeams. 

Depth of trusses and girders, center to center of gravity 
of chords or flanges. 

31. Floor Members. — Solid floor sections, I beams, and 
channels shall be designed by their moments of inertia, or 
section moduli. The load on each axle shall be assumed to 
be distributed over a length of 3 feet in designing solid floor 
sections. In bridges on curves, stringers and deck girders 
shall be designed for the increase in load due to the 
eccentricity of the track. 

32. Compression Members. — Pin and bolt holes shall 
be deducted from the gross section of compression members. 

The value of - shall preferably be from 40 to 60, and must 
r 

not exceed 100 for main members, nor 120 for members of 
lateral systems. Splices in compression members shall have 
sufficient rivets to fully develop the stresses in the members. 

33. Tension Members. — The net section of a riveted 
tension member shall be determined by deducting from the 
gross section the area of cross-section of the greatest num- 
ber of pin, bolt, or rivet holes that can be cut by a plane at 
right angles to the member. In addition, for rivets i inch 
in diameter and larger, there shall be deducted each hole 
whose center lies within -J- inch of the cutting plane, and a 
proportionate part of each hole whose center lies within 
2 f inches; and for rivets i inch in diameter and smaller, each 
hole whose center lies within i inch of the cutting plane, and 
a proportionate part of each hole whose center lies within 
2 inches. Rivet holes shall be taken i inch larger in diameter 
than the rivets. 
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34. Beversal of Stress. — Members subject to both 
tension ^nd compression shall be desig:ned to resist each 
stress plus eight-tenths of the other stress. 

36. Combined Stresses. — Members subject to trans' 
verse stresses in addition to the direct stresses shall be 
designed for both. 

36. Bearing Values of Rivets. — In calculating the 
bearing value of a rivet, the area subjected to stress shall 
be taken as equal to the product of the thickness of the plate 
and the diameter of the rivet before driving, that is, the 
nominal diameter. The value of countersunk rivets shall 
not be counted. 


GENBBAli DETAIIiS 

37. General Requirements for Details and Con- 
nections. — Special attention shall be given to all details 
and connections; they shall always be of greater strength 
than the body of the member. All details shall be accessible 
for inspection, cleaning, and painting. Details that permit 
the collection of water shall be avoided if possible, if used, 
they shall be provided with drainage holes or filled with 
cement concrete. 

38. Minimum Tnickness. — No material less than 
f inch thick shall be Used except for latticing and fillers. 

39. Single Angles. — Members, or sides of members, 
composed of single angles shall have both legs of each 
angle connected at the ends, or only 75 per cent, of the sec- 
tion shall be counted. No angle shall be smaller than 
3 in. X 3 in. X f in., nor be connected by less than four 
rivets, except for unimportant details. 

40. Size of Rivets. — Rivets shall generally be i inch 
and i inch in diameter. The diameter of the rivet shall not 
be greater than one-fourth the width of the bar or angle 
through which the rivet passes, except for unimportant 
details, where i-inch rivets may be used in 3-inch angles, 
and i-inch rivets in 2i-inch angles. 
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41. Spacing: of Rivets. — Rivets I inch in diameter 
shall be spaced not more than 6 nor less than 3 inches center 
to center, and placed not closer than li inches to any sheared 
edge nor closer than li inches to any rolled edge — except in 
special cases to conform to standards, where they may be 
placed not closer than li inches to a rolled edge. Rivets 
i inch in diameter shall be spaced not more than 6 nor less 
than 2i inches center to center, and placed not closer than 
li inches to any sheared edge nor closer than li inches to 
any rolled edge — except to conform to standards, where 
they may be placed not closer than li mches to a rolled 
edge. The spacing of rivets at the ends of compression 
members shall not exceed four times the diameter of the 
nvets for a distance equal to the width of the member. 

42. Grip of Rivets. — The grip of rivets shall prefer- 
ably not exceed five times the diameter of the rivet, and 
shall in no case exceed 6 inches. When the grip is greater 
than 4 inches, the calculated number of nvets shall be 
mcreased 1 per cent, for each iV inch increase in gnp. 

43. Compression Members. — In compression mem- 
bers, the matenal shall mostly be concentrated at the sides. 
The unsupported widths of plates shall not exceed thirty 
times their thickness for web-plates, nor forty times their 
thickness for cover-plates of chords and end posts. No 
closed sections will be allowed. 

44. Tie-Plates and lattice Bars. — The open sides 
of all built-up members shall be stiffened by means of tie- 
plates and lattice bars. The length of tie-plates shall be 
not less than li times the width of the member. Double 
latticing shall preferably make an angle of about 46° with 
the axis of the member, and the bars shall be riveted where 
they cross each other. Single latticing shall preferably 
make an angle of about 60° with the axis of the member. 
Bars in single latticing shall have a thickness not less than 
one-fortieth, and in double latticing not less than one-sixtieth, 
of the length of the bar. Lattice bars shall be not less than 
2i inches wide for members up to 9 inches, not less than 
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2^ inches for members from 9 to 15 inches, and not less than 
3 inches for members more than 15 inches in width or depth. 

46. Expansion. — Provision for expansion and contrac- 
tion due to changes of temperature shall be made at the rate 
of 1 inch for every 100 feet. 

46. Camber. — All trusses shall be cambered by giving 
the panels of the top chord an excess of length in the pro- 
portion of i inch to every 10 feet. Plate girders shall not 
be cambered. 

47. I Beams. — In short deck spans, when more than 
one I beam is used under a rail, the beams shall be bolted 
together with cast-iron separators between them, and con- 
nected by lateral bracmg between the two sets of beams. 


DETA1X.S OF FLOOR SYSTEMS 

48. Ties, Guard. Timbers, and Balls. — Ties, guard 
timbers, rails, wooden floors, and ballast, where necessary, 
will be provided and put in place by the railroad company. 
Cross-ties are 8 in. X 8 m,, 10 feet long, framed to not less 
than inches over bearings for stringers and girders 6 feet 
6 inches center to center. The depth of the tie is increased 
1 inch for each 6 inches additional width of girders. Ties 
are spaced 12 inches center to center, and every fourth tie is 
fastened to each stringer by a i-inch bolt. Guard timbers 
are 8 inches wide and 6 inches thick, framed to 4 inches over 
ties, and spaced 4 feet from inner edge to center of track. 
They are fastened by i-inch bolts to the ties that are con- 
nected to the stringers. 

49. Eloor Members. — Floor members shall be designed 
with special reference to stiffness, the depth of stringers 
shall be not less than one-eighth of the panel length, and 
that of floorbeams not less than one-sixth of the distance 
between trusses or girders. 

60. Floor Conuectlons. — Stringers shall be at right 
angles to the floorbeams, and shall be riveted to the floor- 
beam webs. If possible, they shall also rest on shelf angles 
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riveted to the webs of the floorbeams. Floorbeams shall 
preferably be at right angles to the girders or trusses. In 
half-through plate-girder bridges, the beams shall be riveted 
to the webs of the girders. In through truss bridges, the 
beams shall be riveted to the vertical posts, or to the web 
connection plates, if there are no vertical posts, diaphragms 
shall be riveted in, connecting the web connection plates at 
the ends of the floorbeams In deck truss bridges, the 
beams shall either be riveted to the trusses as in through 
bridges, or rest on the upper chords. 

61, Connection Angles. — The connection angles of 
stringers to floorbeams, and floorbeams to girders and 
trusses, shall not be smaller than in. X Si in. X A in. 
The fillers under connection angles shall be wider than the 
adjacent leg of the angle, and shall have two-thirds as 
many rivets through the projecting portion as through the 
portion under the angle. 

62. Deck Bridges. — In deck girder bridges, the ties 
shall rest directly on the top flange. In deck truss bridges, 
the ties shall not rest directly on the top chord members; 
there shall always be a floor system with floorbeams at the 
panel points. 

53. End Floorbeams. — All bridges with floor systems 
shall preferably be provided with end floorbeams of the same 
cross-section as intermediate floorbeams. Where this is 
impossible, the end stringers shall rest on the masonry; end 
struts, of nearly the same depth as the end stringers, shall 
be riveted to them and to the girders or trusses. 

54. Solid Floors. — Solid floors shall preferably be made 
of a plate not less than tV inch thick riveted to the tops of 
longitudmal I beams supported by floorbeams. 


BETAJXS or PI^TE GIRDERS 

56. Stiffeners. — Webs shall have stiffeners over bear- 
ing points, at points of local concentrated loadings, and at 
intervals not greater than the depth of the girder nor more 
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than 6 feet. Near the ends, the spacing of stifiEeners shall 
be one-third to one-half the depth. They shall be composed 
of two angles, one on each side of the web, and shall fit 
tight between the horizontal legs of the flange angles For 
girders having flange angles with outstanding or horizontal 
legs 6 inches in width, stiffeners shall be not less than 
4 in. X in. X i in.; with outstanding legs 6 inches in 
width, not less than 6 in. X in. X t in.; and with outstand- 
ing legs 8 inches in width, not less than 6 m. X 3i in. X i in. 
Rivets in stiffeners shall be spaced not over inches apart 
for a distance of 14 inches at each end, and not over 6 inches 
apart for the remaining distance. When the clear vertical 
distance between flange angles is less than fifty times the 
thickness of the web, stiffeners may be omitted — except 
over beanngs, where they shall be designed to resist the 
reactions. 

56, Web Splices. — Web-plates shall be spliced by one 
or more plates on each side; the splice plates shall have a 
section equal to at least three-fourths that of the web, and a 
pair of stiffeners shall be placed outside the plates. There 
shall be not less than two rows of rivets inches apart on 
each side of the splice; rivets in splice plates shall be spaced 
not over 3a inches apart for a distance of 14 inches at top 
and bottom, and not over 4a inches between. Web splices 
shall be designed for the same resisting moment as the 
web. 


67. Flange Rivets, — The pitch of rivets connecting the 
flange angles to the web at any point shall be calculated by 
the formula 

^ V 

in which p = pitch, in inches; 

K — smallest value of the rivet, in pounds; 
hr = vertical distance, in inches, between centers 
of nvet Imes of flanges; 

V — total maximum vertical shear, in pounds, at 
the section 
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When the ties rest on the top flanges of deck girders, the 
pitch of rivets in the top flange shall be 90 per cent, of the 
calculated pitch The rivets connecting flange plates to 
flange angles shall have the same spacing as, and stagger 
with, those connecting the flange angles to the web The 
spacing of rivets in plate-girder flanges shall in no case 
exceed inches. 

68. riangeB. — Flanges shall be designed by the net sec- 
tion of the bottom flange and by the gross section of the top 
flange One-eighth of the web shall be considered as part 
of the flange section. Girders with deep webs may have 
flanges composed of vertical as well as horizontal flange 
plates and secondary flange angles. 

69. Plange Angles. — Flange angles shall preferably be 
of large sections; in general, not less than one-third to one- 
half the flange section shall be composed of angles. 

60. Flange Plates. — Flange plates shall preferably 
have a thickness not greater than the angles, nor more than 
f inch, when two or more plates are used, they shall have 
the same thickness, or shall diminish m thickness outwards 
from the angles, except the first plate in the top flange, 
which shall extend the full length of the flange, and may be 
thinner than the other plates Other plates shall extend 
12 inches at each end beyond their theoretical ends. Flange 
plates shall extend beyond the outer lines of rivets not more 
than 4 inches, nor more than eight times the thickness of the 
thinnest plate. 

61. Flange Splices. — Flange members of girders less 
than /O feet long shall not be spliced. For girders longer than 
70 feet, each flange angle shall be spliced by two splice 
angles each having a cross-section 76 per cent, that of the 
flange angle, and with suflScient rivets on each side of 
the splice to fully develop the stress in the splice angle. 
Flange plates shall preferably be spliced without additional 
splice plates, by continuing the outer plates beyond their 
theoretical ends a sufficient distance to splice the lower 
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plates. When splice plates are not in direct contact with the 
plates they splice, the calculated number of rivets shall be 
increased 20 per cent, for each intervening plate. Only one 
member shall be spliced at any section. 

62. Riveting of Girders. — Deck girder bridges less 
than 70 feet long shall preferably be riveted up complete 
before shipping. 


DETAILS OF RIVETED TRUSSES 

63. CtLord Members. — The chords and end posts shall 
be composed of channels, or of vertical plates and flange 
angles, connected by cover-plates at the top and by tie- 
plates and lattice bars at the bottom. Gusset plates for the 
connection of web members to chords shall be riveted to 
the inside of the chords, and shall be designed to resist 
the stresses to which they are subjected. 

64. Web Members. — ^Web members shall intersect each 
other and the chords on lines passing through their centers 
of gravity, and shall be thoroughly riveted to each other and 
to the connection plates at every intersection. Web mem- 
bers shall be composed of symmetrical sections, preferably 
not less than 12 inches in width, connected by web-plates or 
by tie-plates and lattice bars. The clear distance between 
gussets shall be not more than i inch greater than the 
width of the web member that connects to them. 

66. Connections and Splices. — Splices of chords shall 
be as close as practicable to panel points. All splices of 
chords and connections of web members shall have enough 
rivets to develop fully the stress in the members. If a splice 
occurs at a joint, that part of the gusset m contact with the 
chord shall be counted as a splice plate. 

66. Tension Members. — Tension members shall be of 
the same general form as compression members. The use 
of flat bars alone for riveted tension members will not 
be allowed. 
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DETAILS OF PIN-CONNECTED TRUSSES 

67. Chord Members. — The top chord and end posts 
shall be composed of channels, or of vertical plates with 
flange angles, connected by cover-plates at the top and by 
tie-plates and lattice bars at the bottom, or by tie-plates and 
lattice bars at both top and bottom. Splices of top chords 
shall be as close as practicable to panel points, and shall 
have enough nvets to develop the stresses fully. The bot- 
tom chord shall be composed of eyebars; the inside bars in 
the two end panels shall be connected to each other by dia- 
phragms or by lattice bars. The eyebars shall be packed on 
the pins as narrow as possible; those in any panel shall not be 
in contact, and shall not diverge from the center line of truss 
by more than iV inch per foot. 

68. Web Members. — Web members shall intersect each 
other and the chords on lines passing through their centers 
of gravity, and pins shall be located at the intersections of 
these lines. Compression web members shall be composed 
of symmetrical sectiohs, preferably not less than 12 inches in 
width, connected by web-plates or by tie-plates and lattice bars. 
Tension web members, except hip verticals and subverticals, 
shall be composed of eyebars. Hip verticals and sub verticals 
shall be of the same general form as compression members. 

69. Coimters. — Counters shall be adjustable eyebars 
with screw ends and open turnbuckles. The area at the root 
of an upset screw end shall in no case be less than 10 per 
cent, greater than the body of the bar. No counter shall 
have a sectional area of less than 3 square inches. 

70. Minimum Eyebars. — No eyebar shall be less than 
4 inches in width or less than f inch in thickness. 

71. Pins. — Pins shall be not less than 3 inches in 
diameter, and shall project i inch at each end beyond the 
outside surfaces of the members. 

72. Riveted Tension Members. — Riveted tension 
members shall have a net section back of pinholes at least 
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equal to the net section of the member, and through pinholes 
at least 25 per cent greater. 

73. Pin Plates. — Where necessary for section or bear- 
ing, members shall be reinforced at pinholes by pm plates 
Each plate shall contain sufficient rivets to transmit its pro- 
portion of the bearing pressure to the member. One plate 
on each side shall extend at least 6 inches beyond the end 
of the tie-plate. The cross-section of a compression mem- 
ber through a pinhole shall be at least equal to that of the 
member. 


DETAILS OF STEEL TRESTLES (VIADUCTS) 

74. Towers and Main Spans. — Steel trestles shall 
consist of riveted spans on trestle bents braced in pairs to 
form towers. Tower spans shall be not less than 30 feet 
long, and shall be riveted to the tops of the trestle bents; 
mam spans shall be riveted to the tops of the trestle bents 
at one end, and bolted to them at the other through expan- 
sion holes. In single-track trestles, the girders shall be con- 
nected to the tops of the columns; in double-track trestles, 
the outer lines of girders or trusses shall be connected to the 
tops of the columns, and the inner lines to cross-girders, the 
ends of which are connected to the tops of the columns. 

75. Trestle Bents. — Trestle bents for single-track tres- 
tles shall be not less than 8 feet wide on top, and the batter 
of each post shall be not less than 1 horizontal to 6 vertical. 
Trestle bents for double-track trestles shall be not less than 
19 feet 6 inches wide on top, and the batter of each post shall 
be not less than 1 horizontal to 8 vertical On curves, towers 
shall be placed so that the center lines of the bents are at 
right angles to the chord of the curve between bents. 

76. Towers. — Towers shall be divided into stories not 
more than 30 feet in height by horizontal struts and diagonal 
bracing between the columns. 

77. Negative Reactions. —In estimating negative 
(downward) reactions at the feet of the columns, the weight 

* of train shall be taken as 800 pounds per linear foot. 


I L T 335—12 
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DETAILS OF BEARINGS 

78. Bedplates. — The ends of all spans and the bottoms 
of columns of trestle bents shall rest on bedplates or ped- 
estals, and shall be held in place by anchor bolts. Bedplates 
for girders and stringers shall be not less than 1 inch 
in thickness, and for trusses and columns not less than 
li inches. Holes for anchor bolts may be i inch larger in 
diameter than the bolts 

79. Anclior Bolts. — Anchor bolts shall be not less 
than 1 inch in diameter for girders and stringers, nor 
less than li inches for trusses; they shall be set m holes 
dnlled in the masonry, and the holes shall be filled with 
cement grout Anchor bolts for columns having a negative 
reaction shall be designed to resist the reaction, and shall be 
built in a mass of masonry the weight of which is not less 
than twice the estimated reaction. Anchor bolts in expansion 
ends shall be so placed that the ends can move freely in the 
direction of expansion, and in no other direction. 

80. Pedestals. — Spans over 75 feet in length shall have 
pin beanngs and pedestals at both ends. Pedestals shall be 
built up of base and web plates not less than i inch in 
thickness. The webs shall be secured to the base plates by 
angles not less than 6 in. X 4 in. X i in., with the 6-inch leg 
vertical, and the webs shall be connected to each other. 
The pedestals shall be of sufficient height to distribute the 
load over the beanngs. 

81. Ends of Columns. — Caps and base plates shall be 
connected to the tops and bottoms, respectively, of all via- 
duct columns, by means of horizontal angles not less than 
6 in. X 4 in. X i in., with the 6-inch leg vertical or parallel to 
the batter of the column. 

82. Rollers. — Spans over 76 feet in length shall have 
rollers at one end. Rollers shall be not less than 3 inches 
m diameter, and shall be turned down to a groove i inch 
deep to fit guiding strips of this thickness on the bearing 
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plates above and below the rollers. Special attention shall 
be given to roller bearings, so that they will not hold water, 
and so that they can be readily cleaned. 

83. Adjacent Spans, — When the girders or trusses of 
two adjacent spans rest on the same pier, the bedplates and 
pedestals shall be entirely independent for each girder or truss. 

84. Spans on Grade. — For spans without rocker bear- 
ings, a sole plate of the same size as the bedplate shall be 
riveted to the bottom of the span at each end; if the track is 
on a grade, the sole plate shall be planed to bevel, so that 
the lower surface will be level when the floor of the span is 
parallel to the grade. 


X>ETAinS OF BBACING 

85. Independent Bracing. — All spans shall be inde- 
pendently braced; no bracing shall be used in common for 
any two adjacent spans. 

86. Style of Members. — Members of bracing shall 
either be built-up members or be composed of simple rolled 
shapes. They shall intersect each other, and the members 
to which they connect, on lines passing as nearly as practi- 
cable through their centers of gravity, and shall be riveted 
to each other and to connection plates at every intersection 
No member shall be less than 3a in. X in. X f in., and 
no connection shall have less than four rivets. 

87. r<at6ral Bracing. — Top and bottom lateral bracing 
shall be provided m deck and through bridges; bottom lateral 
bracing in half-through bridges Lateral bracing shall be 
riveted to the stringers of the floor system wherever it comes 
in contact with them Deck girders shall have the top lateral 
bracmg so arranged that the length of the flange between 
lateral connections will not exceed twelve times its width. If 
stringers are longer than twelve times the width of the flange, 
lateral bracing shall be riveted to their upper flanges. 

88. Transverse Bracing. — Deck girder bridges shall 
have transverse frames, of the same depth as the girders,, 
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riveted to the stiffeners near the ends, and at other points 
at distances apart not greater than 15 feet If stringers are 
longer than twenty times the width of the flange, transverse 
frames shall be riveted to their webs at the intersections of 
the stringers and lateral bracmg. Deck truss bridges shall 
have sway-bracmg, of the same depth as the trusses, at 
every panel point. 

89. Knee Bracing. — Half-through bridges shall have 
brackets or knee braces riveted to the floorbeams or the 
tops of solid floors, and to the webs of the girders. Knee 
braces shall fit tight under the top flange angles of girders, 
and shall be as wide at the top of the rail as the clearance 
will allow. They shall be so arranged that the distance 
between them shall not exceed twelve times the width of 
the top flange of the girder. 

90. Portal Bracing. — Through bridges shall have 
portals and portal brackets, and intermediate brackets at 
each transverse strut of the upper lateral bracing. Portals 
shall be as deep as the specified clearance will allow. 
Where the headroom above the track is 25 feet or more, 
sway frames shall be provided at every panel point of the 
top chord; they shall be as deep as the required headroom 
will allow. 


DESIGN OF HIGHWAY AND STRBHT-RAIIjWAY 
BRIDGES 


GENERAli DIMENSIONS 

91. Kinds of Bridges. — The following kinds of bridges 
shall preferably be used: 

For spans less than 35 feet in length, rolled beams. 

For spans from 35 to 100 feet in length, plate girders. 

For spans from 100 to 150 feet in length, riveted trusses. 

For spans longer than 150 feet, pin-connected trusses. 

If, for any reason, it is desired to depart more than 10 feet 
from these limits, permission m writing must be obtained 
from the Engineer. 
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92. Panel Lengths and Depths. — The depth of girders 
shall preferably be not less than one-twelfth the span. 
Panel lengths shall preferably be from 16 to 30 feet, and in 
trass bridges the panel lengths and depths shall be so chosen 
that the inclined web members shall make an angle with the 
lower chord of not less than 60°. The depth of I beams 
shall in no case be less than one-thirtieth of the span. 

93. Spacing of Stringers, Girders, and Trusses. 
For bridges carrying only a railway track, stringers of floor 
systems, and deck girders less than 70 feet long, shall be 
spaced 6 feet 6 inches center to center. Deck girders over 
70 feet long shall be spaced 6 inches farther apart for each 
10 feet increase m length. Stringers, girders, and trusses in 
bridges carrying both railways and 
highways, or highways only, shall be 
arranged to accommodate the actual 
traffic, and shall be adapted to local 
conditions. Trusses shall be spaced 
not less than one-twentieth of the span. 

94. Clearance. — No part of any 
bridge shall come closer to the center 
line of the nearest track than is shown 
in outline in Fig. 4. If a track is on a 
curve, i inch additional clearance for 
each degree of curvature shall be pro- 
vided on the outside of the curve, and 
on the inside of the curve i inch addi- 
tional clearance for each degree of 
curvature, and 2 inches for each inch of superelevation of 
track. All through highway bridges carrying railways shall 
have a clear headroom of 16 feet at a distance of 3 feet from 
the wheel-guards; those carrying highways only shall have a 
clear headroom of not less than 13 feet at a distance of 3 feet 
from the wheel-guards. 

96. Spacing of Tracks.— When there is more than 
one track, the tracks shall be assumed as 10 feet center 
to center. 
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LOADING 

96. lioads. — Bridges carrying highways only shall be 
designed to resist properly the stresses caused by the 
following forces, dead loady live or moving loady and wind 
pressure. Bridges carrying railways alone or in connection 
with highways shall be designed to resist properly the 
stresses caused by the forces mentioned and, in addition, 
those caused by impact and vibration^ centrifugal force ^ and 
the longitudinal force due to suddenly stopping cars, 

97. Dead Doad. — The dead load shall consist of the 
estimated weight of the entire structure. The actual weight 
of the floor and track, if any, shall be computed; timber 
shall be assumed to weigh pounds per board foot. For 
bridges carrying railways alone, the weight of rails, ties, etc. 
may be taken as 300 pounds per linear foot of track. In 
truss bridges, one-half the weight of the trusses shall be 
assumed as applied at the loaded chord, and one-half at the 
imloaded chord; the entire weight of floor shall be assumed 
as applied at the loaded chord. 

98. Live Load, — The live load shall consist of the 
estimated maximum moving loads that the bridge is expected 
to carry. It will depend on the amount and kind of traffic 
to which the bridge is to be subjected, and shall in general 
be assumed as follows: 

1, For City Bridges Subject to Heavy Loads, — For the 
hip verticals, subverticals, short diagonals, floor hangers, 
and floor members of all spans, either a uniform load of 
100 pounds per square foot on all parts of the floor, or a 
steam road roller weighing 20 tons distributed as repre- 
sented in Fig. 6. For the girders or trusses of all spans up 
to 100 feet, a uniform load of 100 pounds per square foot 
on the entire surface of the floor; of all spans over 200 feet, 
80 pounds per square foot, and of intermediate spans, pro- 
portional intermediate values (Between 100 and 200 feet, 
the uniform load decreases 1 pound per square foot for each 
6 feet increase in span.) 
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2. For Bridges in the Suburbs oi Cities and in Well- 
Settled Town Districts . — For the hip verticals, subverticals, 
short diagonals, floor hangers, and floor membeis of all 
spans, either a uniform load of 100 pounds per square foot 
on all parts of the floor, or a steam road roller weighing 
15 tons distributed as represented in Fig. 6. For the girders 
or trusses of all spans up to 100 feet, a uniform load of 
80 pounds per square foot on the entire surface of the 
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floor; of all spans over 200 feet, 60 pounds per square foot? 
and of intermediate spans, proportional intermediate values. 
(Between 100 and 200 feet the uniform load decreases 
1 pound per square foot for each 5 feet increase in span.) 

8. For Bridges in Country Districts and in Thinly Settled 
Communities.— For the hip verticals, subverticals, short 
diagonals, floor hangers, and floor members and connections 
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of all spans, either a uniform load of 80 pounds per square 
foot on all parts of the floor, or a steam road roller weigh- 
mg 15 tons distributed as represented in Fig. 6. For the 
girders or trusses of all spans up to 76 feet, a uniform load 
of 80 pounds per square foot on the entire surface of the 
floor, of all spans over 200 feet, 56 pounds per square foot, 
and of intermediate spans, proportional intermediate values. 
(Between 76 and 200 feet, the uniform load decreases 
1 pound per square foot for each 6 feet increase in span.) 

4. For All Bridges Carrying Street Railway^ or Thai A?x 
Expected to Carry Street Railway in the Near Future — For 

the hip verticals, sub- 
verticals, short diag- 
onals, floor hangers, 
and floor members of 
all spans, and for the 
girders of spans less 
than 76 feet, an electric car on each track weighing 40 tons, 
distributed as shown in Fig 7; for the web members of spans 
76 to 100 feet in length, 1,600 pounds per linear foot, and of 
all spans over 100 feet, a floorbeam load of (1,600 p) pounds 

for each track at floorbeams {p being the panel length. 
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Fig 7 


in feet); for the chord members of spans 76 feet in length, 
1,600 pounds per Imear foot; of spans 276 feet or more in 
length, 1,000 pounds per linear foot; and of intermediate 
spans, proportional intermediate values. (Between 76 and 
276 feet, the uniform load decreases 3 pounds for each 1 foot.) 

6. For Bridges Carrying Both Highway and Street Rail- 
way , — The hve load shall consist of the electric car or uni- ‘ 
form load given in item 4 above, together with the uniform 
loads given in items 1, 2, or 3 covering the entire floor, 
except a width of 10 feet for each track. 


99. Impact and Vibration. — To provide for impact and 
vibration in bridges carrying street railways, an amount I is 
to be added to the stress or bending moment caused by the 
car in each member, as given by the following formulas: 
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For counters, hip verticals, subverticals, short diagonals, 
floor hangers, floor members and connections, members sub- 
ject to reversal of stress, and all other members for which 
L IS less than 25 feet, 

I = -h S 

For members for which L is greater than 25 feet and less 
than 200 feet, 

, _ 300 -Z, 

1,000 

For all members for which L is greater than 200 feet, 

/= 

Here, 5 = maximum live-load stress or bending moment 
in the member due to load on car track; 

L =■ length of track, in feet, that must be loaded in 
order to obtain the value S'. 


100. Wind Pressure. — Wind pressure shall be assumed 
in girder bridges as 60 pounds per square foot on the exposed 
area of one girder, and in truss bridges as 60 pounds per 
square foot on twice the exposed area of one truss together 
with the exposed area of the floor. In designing the stringers 
of floor systems in bridges carrying railway, the wind pres- 
sure on the cars shall be assumed to be 250 pounds per linear 
foot, applied 6 feet above the rail, and the center of moments 
for the increase in load on the leeward stringer shall be 
taken at the top of the rail. 


101. Centrifugal Force. — In bridges on curves, the 
centrifugal force F caused by electric cars shall be assumed 
to act 6 feet above the rail, and shall be found by the formula 


in which 


p-, 06 M^P^ 
\ 100 / 

D ■= degree of curve; 
W = live load. 


102. Suddenly Stopping Oars.— The longitudinal 
force due to a suddenly stopping car shall be taken equal 
to 16,000 pounds applied at the top of the rail. 
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DESIGN OE MEMBERS 

103* Working Stresses. — All parts shall be so designed 
that the sum of the maximum stresses shall not cause the 
intensities of stress to exceed the following values, m pounds 
per square inch: 

Tension on net section, 16,000. 

Compression on gross section, 

16,000 

^ 18,000 r* 

in which / = unsupported length of member, in inches; 
r = least radius of gyration, in inches. 

In half-through truss bndges, the entire length of the 
upper chord shall be considered unsupported laterally, the 
stiffening effect of knee braces being ignored. 

Shear on net sections of web plates, 

12,000 

^ 3,000 /• 

in which i = thickness of the web, in inches; 

d = clear distance, in mches, between stiffeners or 
flange angles, whichever is the smaller. 

The intensity of shearing stress found by dividing the total 
vertical shear by the gross area of cross-section of the web 
shall in no case exceed 9,000. 

Shear on shop rivets and pms, 11,000. 

Shear on field rivets and turned bolts, 9,000. 

Bending on pins, 22,000. 

Bending on rolled sections and plate girders: 

Tension, 16,000. 

Compression, when unsupported length I of compres- 
sion flange is not greater than twenty times the 
width w, 16,000. 

Compression, when I is greater than 20 Wr. 

20,000 - 200 - 

Bearing on shop rivets and pins, 22,000. 


i 
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Bearing on field rivets, turned bolts, afi^ ^s'-of stiffeners,, 
18,000. ^ h* Z* i * ^ ‘ 

Bearing on masonry: 

Sandstone and limestone, 300. 

Cement concrete, 400. 

Granite, 600. 

The beanng on rollers shall not exceed 600 D pounds per 
linear inch of roller, in which D is the diameter of roller, m 
inches. 

Bending on fir, yellow-pine, and white-oak beams, 1,200. 

Bending on white-pine and spruce beams, 1,000. 

104. Data. — The following general dimensions shall 
first be calculated or assumed: 

Length of trusses, center to center of end pins or pedestals. 

Length of girders, center to center of bearings. 

Length of floorbeams, center to center of girders or 
trusses. 

Length of stringers, center to center of floorbeams. 

Depth of trusses and girders, center to center of gravity 
of chords or flanges. 

105. Compression Members. — Pin and bolt holes 
shall be deducted from the gross section of compression 

members. The value of - will preferably be from 40 to 60, 

r 

and must not exceed 100 for main members, nor 120 for 
members of lateral systems. Splices m compression mem- 
bers shall have sufficient rivets to develop fully the stresses 
in the members. 

106. Tension Members. — The net section of a riveted 
tension member shall be determined by deducting from the 
gross section the area of cross-section of the greatest num- 
ber of pin, bolt, or rivet holes that can be cut by a plane at 
right angles to the member. In addition, for rivets i inch 
in diameter and larger, there shall be deducted each hole 
whose center lies within f inch of the cutting plane and a 
proportional part of each hole whose center lies within 
2i inches; and, for rivets f inch m diameter and smaller, 
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there shall be deducted each hole whose center lies within 
i inch and a proportional part of each hole whose center lies 
within 2 inches. Rivet holes shall be taken i inch larger in 
diameter than the rivets. 

107. Reversal of Stress. — Members subject to both 
tension and compression shall be designed to resist each 
stress plus eight-tenths of the other stress. 

108. Combined Stresses. — Members subject to trans- 
verse stresses in addition to the direct stresses shall be 
designed for both kinds of stress. 

109. Bearing Values of Rivets. — In calculating the 
bearing value of a rivet, the area subjected to stress shall be 
taken equal to the product of the thickness of the plate and 
the diameter of the nvet before driving, that is, the nominal 
diameter. The value of countersunk rivets shall not be 
counted, 

110. Floor Stringers. — In bridges with steel stringers, 
each stnnger shall be designed to support one-half the load 
on a front wheel of a steam roller and one-half the load on 
one rear roller, forming a system of two concentrated loads. 
In bridges with wooden joists, the loads on each roller of a 
steam road roller may be assumed to be distributed over a 
width 12 inches greater than the width of the roller, and the 
portion that goes to each stringer or joist calculated on 
this basis. 


GENERAL. DETAILS 

111. Details and Connections. — Special attention 
shall be given to all details and connections, which shall 
always be of greater strength than the body of the member. 
All details shall be accessible for inspection, cleaning, and 
painting. Details that permit the collection of water shall 
be avoided if possible; if used, they shall be provided with 
dramage holes or filled with ceihent concrete. 

112. Minimum Thickness. — No material less than 
A inch thick shall be used except for latticing and fillers, 
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and for webs of channels, which may be i inch thick. If the 
bridge is over a steam railroad, no material less than i inch 
thick shall be used below the floor, except for buckled plates, 
for which A-inch mateiial may be used under sidewalks. 

113 . Single Angles. — Members or sides of members 
composed of single angles shall have both legs of each 
angle connected at the ends, or only 75 per cent, of the 
section shall be counted. No angle shall be smaller than 
2i in. X in. X in., nor be connected by less than three 
rivets, except for unimportant details. 

114 . Sizes of Rivets. — Rivets shall generally be either 
i inch or f inch in diameter. The diameter of the rivet shall 
not be greater than one-quarter the width of the bar or angle 
through which it passes, except for unimportant details, 
where J-inch rivets may be used in 3-inch angles, and i-inch 
rivets in 2i-inch angles. 

116 . Spacing of Rivets. — The distance center to center 
of rivet holes shall be not less than three times the diameter 
of the rivets, nor more than 6 inches in any line. The cen- 
ters of rivet holes shall not be closer to the edge of any 
piece than li times the diameter of the rivet. The spacing 
of rivets at the ends of compression members shall not 
exceed four times the diameter of the nvet for a distance 
equal to the width of the member. For the remainder of the 
length of compression members, the distance center to center 
of rivets shall be not greater than sixteen times the thickness 
of the thinnest outside plate. 

116 . Compression Membei*s. — In compression mem- 
bers, the material shall be concentrated at the sides as much 
as possible. The unsupported width of plates shall not 
exceed thirty times their thickness for web-plates, nor forty 
times for cover-plates of chords and end posts. No closed 
sections will be allowed. 

117 . Tie-Plates and Lattice Bars.— The open sides 
of all built-up members shall be stiffened by means of tie-, 
plates and lattice bars. The length of tie-plates shall be not 
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less than their width. Double latticing shall preferably make 
an angle of about 45° with the axis of the member, and the 
bars shall be riveted where they cross each other. Single 
latticing shall preferably make an angle of about 60° with 
the axis of the member The thickness of tie-plates shall 
be not less than one-fortieth the distance between their rivet 
lines; the thickness of bars in single latticing shall be not 
less than one-fortieth, and in double latticing one-sixtieth 
of the distance between the rivets in their ends. Lattice 
bars shall be not less than 2i inches wide for members up 
to 9 inches, not less than 2i inches for members from 9 to 
15 inches, nor less than 3 inches for members more than 
15 inches m width or depth. 

118. Expansion. — Provision for expansion and contrac- 
tion shall be made at the rate of 1 inch for every 100 feet 
of span 

119. Camber. — ^All trusses shall be cambered by giving 
the panels of the top chord an excess of length in the pro- 
portion of i mch for each 10 feet. Plate girders shall not 
be cambered. 


DETAILS OF FLOOR SYSTEMS 

120. "Wooden Floors. — In bridges constructed solely 
for street-railway purposes, ties shall be of yellow pme not 
less than 6 inches wide, 7 inches deep, and 10 feet long, and 
shall be framed to 6-i- inches over bearings for stringers and 
girders 6 feet 6 inches center to center. For girders over 
6 feet 6 inches center to center, the depth of tie shall be 
increased "i mch for each 6-inch increase in the spacing of 
the girders. Ties shall be spaced not more than 12 inches 
center to center, and every fourth tie shall be fastened at 
both ends to the strmgers or girders by -J-inch bolts. Guard 
timbers of yellow pine not less than 6 in X 6 in., framed to 
4 inches over ties, shall be bolted by l-inch bolts to the ties 
that are bolted to the strmgers, and so that the inner edge of 
the guard timber shall be 4 feet from the center of the track 
Guard timbers shall extend over all piers aud abutments. 
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Superelevation of rails on curves shall be provided for as 
may be required in each case. 

121. In bridges with wooden floors constructed for com- 
bined street-railway and highway purposes, the rails shall 
preferably be supported on yellow-pine ties not less than 
6 in. X 6 in. in size, nor less than 8 feet long, spaced not 
over 16 inches center to center and resting on the stringers. 
Longitudinal nailing pieces not over 2 feet apart shall be 
spiked to the top of the tie; they shall be not less than 
3 inches wide, and of sufficient height to bnng the top of 
the plank floor level with the top of the rails. A plank floor 
not less than 2 inches thick, preferably of spruce or oak, 
shall be nailed to the nailing pieces. 

122. For bridges in country districts and in thinly settled 
communities, the highway portion of the floor shall preferably 
consist of one layer of white-oak plank not less than 3 inches 
in thickness laid at right angles to the trusses or girders, and 
with joints about i inch open. Wooden stringers not less 
than 3 in. X 12 in. or steel beams with wooden nailmg pieces 
shall be used, and the former shall be spaced not over 2 feet 
6 inches center to center. In general, the width of wooden 
stringers shall he not less than one-fourth of the depth. 
The plank floor shall be securely spiked to the stringers. 

123. For bridges in the suburbs of cities, in well-settled 
town districts, and in some cases for city bridges not subject 
to heavy loads, the highway portion of the floor shall prefer- 
ably consist of two layers of plank; the lower layer shall be 
of white oak not less than 8 inches in thickness, and shall be 
laid diagonally with joints not over i inch open; the upper 
layer shall be of white oak or spruce 2 inches thick, laid 
tight at right angles to the girders or trusses and securely 
spiked to the lower layer. Wooden strmgers, as before, may 
be used, but steel stringers with wooden nailmg pieces shall 
have the preference. When one layer of floor plank is used, 
the distance, in feet, between the centers of joists or nailing 
pieces shall not be greater than the thickness of the plank, in 
inches. When more than one layer is used, the clear distance, 
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m feet, between joists or nailing pieces shall not be greater 
than the thickness of the lower layer, in inches. 

124. Paved Floors. — For city bridges subject to heavy 
loads, the floor shall preferably consist of piepared wooden 
blocks, asphalt, brick, or granite blocks. Wooden blocks 
shall be given the preference; granite blocks shall be used 
only in the immediate vicinity of warehouses, docks, or 
freight houses, where the traffic is exceedingly heavy and 
continuous. Paved floors shall be supported on buckled 
plates securely riveted to the upper flanges of stringers and 
to the floorbeams. Buckled plates shall be laid with the 
buckle hanging down, and shall be covered with cement con- 
crete havmg a thickness not less than 3 inches under the 
roadway nor less than 2 inches under the sidewalk. Between 
the concrete and the paving there shall be spread a cushion 
coat of clean, sharp sand, perfectly free from moisture, to 
an even thickness of 1 inch. Open joints between blocks 
shall be filled with cement grout or coal-tar pitch. 

126. Wlieel-Giiards. — In bndges with wooden floors, a 
wheel-guard of timber not less than 6 inches wide and 4 inches 
thick shall be placed longitudinally on the floor. The upper 
edge of the wheel-guard shall be 6 inches from the surface of 
the floor. The edge of the guard toward the roadway shall 
be 6 inches from the clearance line of the trusses or girders. 
In bridges with paved floors, a metal or stone wheel-guard 
shall be provided, it shall be 6 inches high and at least 
6 inches outside of the clearance line of the trusses or girders. 

126. Floor Connections. — Stringers shall be at nght 
angles to the floorbeams, and shall be riveted to the floor- 
beam webs If possible, the strmgers shall also rest on 
shelf angles riveted to the webs of the floorbeams. Floor- 
beams shall preferably be riveted to the webs of the girders 
in half-through girder bridges, and to the vertical posts or 
web connection plates in through truss bndges; in deck truss 
bridges, the floorbeams shall either be riveted to the trusses, 
as in through bridges, or rest on the top chords. Where 
sidewalks are supported outside the girders or trusses, the 
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floorbeams shall be extended tinder the sidewalks, or side- 
walk brackets shall be riveted to the outsides of the posts, 
and their top flano;es connected to those of the floorbeams. 

The connection angles of stnngers to floorbeams and 
of flooi beams to girders or trusses shall be not less than 
3 in. X 3 in X mt m The fillers under connection angles 
shall be twice as wide as the adjacent leg of the angle, and 
shall have two-thirds as many rivets through the project- 
ing portion as through the portion under the angle. 

127. nand Hailing. — A suitable hand railing or fence 
shall be placed at each side of the bridge. The railing shall 
be not less than 3 feet 6 inches above the top of the floor, 
and have not more than 6 inches clearance beneath it. 


DETAILS OF PLATE GIRDERS 

128. Stiffeners. — Webs shall have stiffeners over bear- 
ing points, at points of local concentrated loadings, and at 
intervals not greater than the depth of the girder nor more 
than 6 feet. Near the ends, the spacing of stiffeners shall 
be one-third to one-half the depth. Stiffeners shall be com- 
posed of two angles, one on each side of the web, and shall 
fit tight between the horizontal legs of the flange angles. 
For girders having flange angles witji outstanding or hori- 
zontal legs 6 inches in width, stiffeners shall be not less than 
3^ in X 3i in X A in.; with outstanding legs 6 inches in 
width, not less than 4 in. X 3i-in, X Ain ; with outstanding 
legs 8 inches in width, not less than 6 in. X 3i in. X I in. 
Rivets in stiffeners shall be spaced not over 4i inches apart 
for a distance of 18 inches at each end, and not over 6 inches 
apart for the remaining portion. When the clear vertical 
distance between flange angles is less than fifty times the 
thickness of the web, stiffener angles may be omitted, 
except over bearings. Stiffeners over bearings shaP be 
designed to resist the reactions. 

129. Web Splices.— Web-plates shall be spliced by one 
or more plates on each side, the plates on each side to have 

I L T 355—13 
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a section equal to three-fourths that of the web, and a pair of 
stiffeners placed outside the plates. There shall be not 
less than two rows of rivets 34 inches apart on each side 
of the splice. Rivets in splice plates shall be spaced not 
over 3j inches apart for a distance of 14 inches at top and 
bottom, and not over 5 inches between. Web splices shall 
be designed for the same resisting moment as the web. 

130. Flange Rivets. — The pitch of rivets connecting 
the flange angles to the web at any point shall be calculated 

by means of the formula p = (see Art. 67). When 

the ties of street-railway bridges rest on the top flanges of 
deck girders, the pitch of the rivets in the top flange shall 
be 90 per cent, of the calculated pitch. The rivets con- 
necting flange plates to flange angles shall have the same 
spacing as, and stagger with, those connecting the flange 
angles to the web The spacing of rivets in plate-girder 
flanges shall in no case exceed 6 inches. 

131. Flanges. — Flanges shall be designed for the net 
section of the bottom flange, and the gross section of the top 
flange. One-eighth of the web shall be considered as part of 
the flange section. Girders with deep webs may have flanges 
composed of vertical as well as horizontal flange plates. 

132. Flange Angles. — Flange angles shall preferably 
be of large sections, m general, not less than one-third to 
one-half the flange section shall be composed of angles, 

133. Flange Plates. — Flange plates shall preferably 
have a thickness not greater than the angles nor more than 
■4 inch. When two or more plates are used, they shall have 
the same thickness, or shall diminish in thickness outwards 
from the angles, except the first plate of the top flange, which 
shall extend the full length of the flange and may be thinner 
than the other plates Other plates shall extend 12 inches at 
each end beyond their theoretical ends. Flange plates shall 
.extend beyond the outer lines of rivets not more than 4 inches 
nor more than eight times the thickness of the thinnest plate. 
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134. Flange Splices. — Flange members of girders less 
than 70 feet long shall not be spliced. For girders longer 
than 70 feet, each flange angle shall be spliced by two splice 
angles, each having a cross-section 76 per cent, of that of the 
flange angle, and with sufficient rivets on each side of the 
splice to develop fully the stress in the splice angle. Flange 
plates shall preferably be spliced without additional splice 
plates, by continuing the outer plates beyond their theoret- 
ical ends a sufficient distance to splice the lower plates. When 
splice plates are not in direct contact with the plates they 
splice, the calculated number of rivets shall be increased 
20 par cent, for each intervenmg plate. Only one member 
shall be spliced at any section. 


DETAILS OF RITETED TRUSSES 

136. Chord Members. — ^The chords and end posts shall 
be composed of channels, or of vertical plates and flange 
angles, connected by cover-plates at the top, and by tie- 
plates and lattice bars at the bottom. Gusset plates for the 
connection of web members to chords shall be riveted to 
the inside of the chords, and shall be designed to resist the 
forces to which they are subjected. 

336. Web Members. — ^Web members shall intersect 
each other and the chords on lines passing through their 
centers of gravity, and shall be thoroughly riveted to each 
other and to the connection plates at every intersection. 
Web members shall be composed of symmetrical sections, 
connected by web-plates or tie-plates and lattice bars. The 
clear distance between gussets shall be not more than i inch 
greater than the width of the web members that connect 
to them. 

187. Connections and Splices. — Splices of chords 
shall be as close as practicable to panel points. All splices 
of chords and connections of web members shall have enough 
rivets to develop fully the strength of the members. If a 
splice occurs at a joint, that part of the gusset in contact with 
the chord shall be counted as a splice plate. 
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138. Tension Members. — Tension members shall be 
of the same general form as compression members. The 
use of flat bars alone for riveted tension members will not 
be allowed. 


DETAILS OF PIN-CONNECTED TRUSSES 

139. Chord Members. — The top chord and end posts 
shall be composed of channels, or of vertical plates with 
flange angles, connected by cover-plates at the top, and by 
tie-plates and lattice bars at the bottom, or by tie-plates and 
lattice bars at both top and bottom Splices of top chords 
shall be as close as practicable to panel points, and shall have 
enough rivets to develop fully the stresses in the members. 
The bottom chord shall be composed of eyebars; the inside 
bars in the two end panels shall be connected to each other 
by diaphragms or by lattice bars. The eyebars shall be 
packed on the pins as narrow as possible, those m any panel 
shall not be in contact, and shall not diverge from the center 
line by more than iV inch per foot, 

140. Web Members. — Web members shall intersect 
each other and the chords on lines passing through their 
centers of gravity, and pms shall be located at the inter- 
sections of these lines. Compression web members shall be 
composed of symmetrical sections, connected by web-plates 
or by tie-plates and lattice bars. Tension web members, 
except hip verticals and subverticals, shall be composed of 
eyebars. Hip verticals and subverticals shall be of the same 
general form as compression members. 

141. Counters. — Counters shall be adjustable eyebars 
with screw ends and open tumbuckles. The area at the root 
of an upset screw end shall in no case be less than 10 per 
cent, greater than the cross-sectional area of the body of 
the bar. No counter shall have a sectional area of less 
than 2 square inches. 

142. Pins. — Pins shall be not less than 2i inches in 
diameter, and shall project i inch at each end beyond the 
outside surfaces of the members. 
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143. Riveted Tension Members. — Riveted tension 
members shall have a net section back of the pinholes equal 
to that of the member, and through the pinholes 26 per cent 
greater. 

144. Pin Plates. — Where necessary for section or 
bearing, members shall be reinforced at pinholes by pin- 
plates. Each plate shall contain sufficient rivets to transmit 
its proportion of the bearing pressure to the members; one 
plate on each side shall extend at least 6 inches beyond the 
end of the tie-plate The cross-section of a compression 
member through the pinhole shall be equal to that of the 
member. 


DETAILS OF STEEL TRESTLES 

145. Tower and Main Spans. — Steel trestles shall 
consist of riveted spans on trestle bents, braced in pairs to 
form towers. Tower spans shall be not less than 30 feet 
long, and shall be riveted to the tops of the trestle bents. 
Main spans shall be riveted to the tops of the trestle bents at 
one end, and bolted to them at the other through expansion 
holes. Girders and trusses may be connected to the tops of 
the columns or to cross-girders that are connected to the tops 
of the columns. 

146. Trestle Bents. — The batter of columns in trestle 
bents shall be not less than 1 horizontal to 8 vertical. In 
trestles for single-track railway only, bents shall be not less 
than 8 feet wide on top, and if the width is less than 10 feet, 
the batter of the columns shall be not less than 1 horizontal 
to 6 vertical. On curves, towers shall be placed so that the 
center lines of the bents are at right angles to the chord of 
the curve between the bents. 

1474 Towers. — Towers shall be divided into stories 
not more than 30 feet in height, by horizontal struts and 
diagonal bracing between the columns. 

148* Negative (Downward) Reactions. — In esti- 
mating negative (downward) reactions at the feet of the 
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columns, wind pressure shall be assumed to have an intensity 
of 60 pounds per square foot, acting on an area equal to 
twice the exposed area of the unloaded trestle. 


DETAILS or BEARINGS 

149, Bedplates. — The ends of all spans, and the 
bottoms of columns of trestle bents, shall rest on bedplates 
or pedestals, and shall be held in place by anchor bolts. 
Bedplates for girders and stringers shall be not less than 
i inch in thickness; and for trusses and columns, not less 
than 1 inch. Holes for anchor bolts may be i inch larger in 
diameter than the bolts. 

160. Anclior Bolts. — Anchor bolts shall be not less 
than 1 inch in diameter; they shall be set in holes drilled in 
the masonry, and the holes shall be filled with cement grout. 
Anchor bolts for columns having negative reactions shall be 
designed to resist the reaction, and shall be built m a mass 
of masonry the weight of which is not less than twice the 
estimated reaction. Anchor bolts in expansion ends shall be 
so placed that the ends can move freely in the direction of 
expansion and in no other direction. 

161. Pedestals. — Spans over 76 feet in length shall 
have pin bearings and pedestals at both ends. Pedestals 
shall preferably be built up of base plates and web-plates, 
not less than f inch in thickness. The webs shall be secured 
to the base plates by angles not less than 6 in. X in. X i in., 
with the 6-inch leg vertical, and the webs shall be connected 
to each other. Pedestals shall be of sufficient height to dis- 
tribute the load over the bearings. 

152. Ends of Columns. — Cap and base plates shall be 
connected to the tops and bottoms, respectively, of all trestle 
columns by means of horizontal angles not less than 
6 m. X 3i in. X i in., with the 6-inch leg vertical or parallel 
to the batter of the column. 

163. Rollers. — Spans over 76 feet in length shall have 
rollers at one end. Rollers shall be not less thah 3 ln^e& 
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in diameter, and shall be turned down to a gfroove i inch 
deep to fit gfuiding strips of this thickness on the bearing* 
plates above and below the rollers. Special attention shall 
be given to roller bearings, so that they will not hold water 
and so that they can be readily cleaned. 


DETAILS OP BI^ACINO 

164. All spans shall be independently braced; no bra- 
cing shall be used in common for any two adjacent spans. 

165. Style of Members. — Members of bracing shall 
be composed of simple rolled sections or built-up members. 
No member shall be less than in. X 2^- in. X A m., and 
no connection shall have less than three rivets. 

166. Lateral Bi'aclug;. — Top and bottom lateral bra- 
cing shall be provided in all deck and through bridges, except 
deck plate girders less than 6 feet deep, where the bottom 
bracing may be omitted Bottom lateral bracing shall be 
provided in half-through bridges. Lateral bracing shall be 
riveted to the stringers of the floor system wherever they 
come in contact with them. Deck girders shall have the top 
lateral bracing so arranged that the length of flange between 
lateral connections will not exceed twenty times the width of 
dange 

167. Transverse Bracing. — Deck girder bridges shall 
have transverse frames of the same depth as the girders 
riveted to the stiffeners near the ends and at other points at 
distances apart not greater than 20 feet. Deck truss bridges 
shall have at every panel point sway-bracing of the same 
depth as the trusses. 

158. Knee Bracing. — Half-through bridges shall have 
brackets or knee braces riveted to the floorbeams and to the 
webs of the girders. The brackets shall fit tight under the 
flange angles of the girders, and extend out to within 3 inches 
of the edge of the wheel-guard. 

159. Portal Bracing. — Through bridges shall have 
portals and portal brackets, and intermediate brackets at 
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each transverse strut o£ the upper lateral bracing:. Portals 
shall be as deep as the specified headroom will allow. Where 
the headroom above the floor is 20 feet or more, sway frames 
shall be provided at every panel point of the top chord. They 
shall be as deep as the required headroom will allow. 


SPECIFICATIONS FOR THE CONSTRUC- 
TION OF STEEL BRIDGES 


MATBRlAIiS 


CHEMICAL. AND PHTSICAIi PROPERTIES 

160. Kind of Material. — The materials used in the 
construction of bridges shall generally be rolled steel, steel 
castings, and wrought iron. In case other materials are 
required, additional specifications will be furnished relating 
to them. 

161. Grades of Steel. — Steel shall be made only by 
the open-hearth process. Rolled steel shall be of two 
grades; namely, rvvet steel and structural steel. Rivet steel 
shall be used for rivets; structural steel shall be used for all 
other purposes, unless steel castings or wrought iron are 
especially called for. 

162. Rivet Steel. — Rivet steel shall contain not more 
than .04 per cent, of phosphorus, nor more than .04 per cent, 
of sulphur. It shall have an ultimate tensile strength of not 
less than 46,000, nor more than 54,000, pounds per square 
inch, an elastic limit of not less than 60 per cent of the ulti- 
mate strength, an elongation of not less than 28 per cent., 
including the break, and a reduction of area of not less than 
55 per cent. Rivet rods shall bend double, cold, one side 
flat on the other, without crackmg of the outer fibers, 

163. Structural Steel. — Structural steel shall contain 
not more than 08 per cent, of phosphorus for acid steel, 
nor more than .04 for basic steel, and not more than .04 per 
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cent, of sulphur for either kind of steel. It shall have an 
ultimate tensile strength of not less than 56,000, nor more 
than 64,000, pounds per square inch, an elastic limit of not 
less than 60 per cent, of the ultimate strength, an elongation 
of not less than 28 per cent., and a reduction of area at 
fracture of not less than 50 per cent. The fracture shall 
appear fine-grained, silky, and bluish gray, and shall be 
entirely free from hard and granular spots. 

Test pieces shall bend double, cold, until the surfaces 
touch each other, without cracking of the outer fibers. 
They shall stand punching and cold reaming to li times 
the diameter of the punched hole without cracking the edges 
of the hole. Angles of all thicknesses shall, while cold, 
open flat, and if under ^ inch thick shall bend close shut 
without showing signs of fracture. 

164. Steel Castings. — Steel castings shall contain not 
more than 08 per cent, of phosphorus for acid steel, nor 
more than .06 per cent, for basic steel, nor more than 05 per 
cent of sulphur for either kind of steel. They shall have an 
ultimate tensile strength of not less than 60,000 pounds per 
square inch, an elastic limit of not less than 60 per cent, of 
the ultimate strength, an elongation of not less than 18 per 
cent., and a reduction of area at fracture of not less than 
26 per cent. Steel castings shall be fine-grained, homoge- 
neous, and free from blowholes and other defects. A test 
piece 1 in. X i in. shall bend cold through an angle of 90® 
around a rod whose diameter is li inches, without showing 
signs of fracture. 

166. Wrought Iron. — Wrought iron shall be, as nearly 
as practicable, the best grade of pure iron. It shall be 
double-rolled, fibrous, tough, uniform in character, and 
thoroughly welded in rolling. It shall be entirely free from 
surface defects. It shall have an ultimate tensile strength 
of not less than 50,000 pounds per square inch, an elastic 
limit of not less than 60 per cent, of the ultimate strength, 
an elongation, including the break, of not less than 18 per 
cent., and a reduction of area at fracture of not less than 
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26 per cent. Test pieces shall bend, when cold, through an 
angle of 180° around a rod whose diameter is twice the thick- 
ness of the test piece, without showing signs of fracture. 


MILL TESTS 

166 . Reports of Tests and Melt Numbers. — The 
Contractor shall furnish the Engineer, free of charge, a report 
showing the physical and chemical properties of every melt 
that goes into the material of the bridge. The chemical 
analysis shall show the amount of carbon, phosphorus, sul- 
phur, and manganese contained m each melt. The melt 
numbers shall be clearly stamped on all finished material, 
and omission to do so, or changes, or confusion of the melt 
numbers may be cause for rejection. 

167 . Test Pieces. — Two test pieces shall be cut from 
the finished material of every melt. Test pieces of rivet 

steel shall be round 
rods having the same 
diameter as the 
nvets. Test pieces 
of structural steel for 
pins and rollers shall 
be round rods turned 
to the form and size shown in Fig. 8. The elongation shall 
be measured in a length of 2 inches, and include the break. 

Test pieces of structural steel for other purposes, and of 
wrought iron, shall be flat bars of the same thickness as the 
material from which the test pieces are cut, and shall have 



the form and size shown in Fig. 9. The elongation shall be 
measured in a length of 8 inches, including the break. 

Test pieces of steel castings shall be cast with one or 
more castmgs, and shall be cut from them wbeh they are 
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cold; they shall be turned to the form and size shown in 
Fig. 8, and the elongation shall be measured in a length 
of 2 inches, including the break. 

168. Annealed Material. — Two test pieces shall be 
cut from material that is to be annealed, one before and the 
other after annealing. 

169. Varying SectloiiB. — Test pieces shall be cut 
from the thickest and from the thinnest materials when 
sections differing by f inch or more are rolled from the same 
melt, and from each section when widely different sections, 
such as angles and I beams, are rolled from the same melt. 

170. Labor and Tools. — The Contractor shall furnish 
the Engineer, free of charge, proper test pieces, machines, 
tools, and labor necessary to make the required tests. 

171. Rejection of Materials. — If material does not 
possess the specified properties, the entire melt from which 
the material was taken shall be rejected, unless by additional 
tests it can be proved that the defects are confined to only a 
part of the melt. All material that, subsequently to its 
acceptance at the mills, shows that it is not of the desired 
quality shall be rejected and shall be replaced with satis- 
factory material. Rusty material shall be rejected, unless 
it is thoroughly freed from rust before being used. 


TOLti-SIZE TESTS 

172. Full-sized members shall be tested to destruction 
if so directed by the Engineer. The material in such 
members shall be paid for by the Engineer at the contract 
price per pound, if it complies with the requirements, other- 
wise, it will be rejected at the Contractor’s expense, and all 
similar members may be rejected unless it can be shown, 
by additional tests, that the failure is due to defects that are 
confined to one or a very few members. 

173. Byebar Teats. — In general, one full-size test shall 
be made from every twenty-five eyebars. After being 
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properly annealed, eyebars shall have an ultimate tensile 
strength of not less than 55,000 pounds per square inch, an 
elastic limit of not less than 50 per cent, of the ultimate 
strength, and an elongation of not less than 15 per cent, in 
10 feet, including the break. If a bar breaks in the head, but 
develops the required ultimate strength and elongation, it 
shall not on that account be rejected, unless more than one- 
third of the number of bars tested break in the head. 

WORKMANSHIP 
GENERAL REQUIREMENTS 

174. Finished Material. — Workmanship and finish 
shall be first-class and in accordance with the best practice. 
Material shall get a thorough rolling at the proper tem- 
perature; large sections shall be rolled from large-sized 
billets; pins shall be forged m the most approved manner. 
Finished material shall be entirely free from surface defects, 
shall have good finish, and be well straightened m the mill 
before shipment. 

176. Variation In dimensions. — Material shall be 
rolled as near as practicable to the weight and thickness 
specified, no variation will be allowed greater than 2i per 
cent, above nor li per cent, below the computed weights, 
except in wide-sheared plates, for which slightly greater 
variation will be allowed, according to the practice in the 
best rolling mills. 

176. Annealing. — All parts that have been heated dur- 
ing manufacture shall be carefully annealed and thoroughly 
cooled before they are prepared for connections. 

177. Welding. — Welds in steel will not be allowed 
under any circumstances. Welds in wrought iron will be 
permitted when specified. 

178. Reentrant Angles. — No sharp reentrant angles 
will be allowed in any piece of metal; the corners shall always 
be drilled out before the sides are cut. 
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179. Rivet Holes. — Rivet holes in members of longitu- 
dinal and lateral bracing, stiffeners, and unimportant details 
may be punched not more than iV inch larger than the 
nominal diameter of the rivets. Rivet holes m flanges, the 
edges of web-plates where flanges are attached, floor connec- 
tions, and all riveted members of trusses and their connections 
shall be punched A inch smaller, and reamed to not more 
than iV inch larger than the nominal diameter of the rivets, if 
the material is H inch thick or less. Reaming shall prefer- 
ably be done after the parts are assembled. Rivet holes in 
material i inch thick and over, and in flanges of I beams and 
channels, shall be drilled from the solid metal. 

180. Punclilng. — Rivet holes shall be spaced and 
punched so accurately that, when parts are brought together, 
the corresponding holes will match. Slight inaccuracies may 
be corrected by reamers. Drifting to make holes large enough 
for the rivets will not be allowed in the shop or in the field. 

181. Reaming and Drilling. — When parts are assem- 
bled for reaming, at least one-third of the holes shall be filled 
with bolts. If necessary to take them apart for shipment, 
they shall be match-marked, and a diagram of the marks 
shall be furnished the erector to insure the same position 
of each part in the finished bridge as in the shop. Parts 
assembled for drilling shall be taken apart, and any shavings 
between them removed before riveting. Burrs on reamed 
and drilled work shall be removed 

182. Field Connections. — All field connections, except 
for members of bracing, shall be fitted in the shop. The 
rivet holes shall be reamed to fit while the members are 
bolted together in their correct positions, or by means of 
metal templets not less than li inches thick, carefully 
clamped to the members in the correct position, 

183. Rivets. — The sizes of rivets shown on the plans 
shall be taken to mean the diameters of the cold rivets 
before driving. When heated and ready for driving, the sur- 
faces of all rivets shall be perfectly clean; when driven, they 
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shall completely fill the holes and be perfectly tight. Loose 
and badly driven rivets shall be cut out and replaced with 
tight well-driven rivets. Rivet heads shall be round and ot 
uniform size for the same-sized rivets all through the work; 
they shall be full and neatly made, concentric with the 
shank, and in full contact with the surface. 

184. JRi-vetlng. — ^Wherever possible, rivets shall be 
driven by machine or power riveters. Power riveters shall 
be capable of maintaining the applied pressure after driving. 
Field riveting shall preferably be done by pneumatic riveting 
hammers. Before any rivets are driven, at least one-third 
the holes shall be filled with bolts of the same size as the 
rivets, and they shall be carefully tightened. 

186. Bolts. — Bolts shall not be used in place of rivets, 
except by special permission. When bolts are used, the holes 
shall be exactly at right angles to the surfaces of the con- 
nected parts, and the bolts shall be turned to a driving fit. 

186. Riveted Members. — After being riveted, mem- 
bers shall be straight and correct in dimensions. Great care 
shall be taken that the bearing surfaces of girders and the 
faces of flange angles of girders and riveted truss members 
are perfectly straight. 

187. Web-Plates. — Web-plates shall be straight and 
not project beyond the faces of the flange angles; they shall 
be not more than i inch below the faces of the angles at any 
point. Splices in web-plates shall be not more than i inch 
open. 

188. Flange Members. — ^Where flange members of 
plate girders are spliced, in either the top or the bottom 
flange, the ends shall be planed exactly square; and, after 
riveting, the spliced ends shall be in perfect contact through- 
out the entire section of the spliced member. 

189. Stiffeners. — Stiffeners shall fit tight between the 
horizontal legs of flange angles; the ends of fillers under 
stiffeners, and of web splice plates shall be not piore than 
i inch from the edges of the vertical legs of the flange angles. 



§74 


BRIDGE SPECIFICATIONS 


49 


190. Ends of Floor Members. — The ends of floor- 
beams and stringers shall be planed perfectly smooth and 
straight; after planing, the members shall have the length 
shown on the plans. Not more than tV inch shall be planed 
off the faces of the connection angles. Ends of solid floor 
sections shall be perfectly straight and smooth; if necessary, 
they shall be planed to secure this result. 

191. Ends of Blveted Members. — Where riveted 
members, either tension or compression, are spliced, the 
ends shall be planed smooth exactly at right angles to the 
axis of the member; and, after riveting, the spliced ends 
shall be in perfect contact throughout the entire section of 
the spliced member. The ends of columns of viaducts shall 
be planed smooth before the cap and base plates are riveted 
on, and so that the entire section of the column, as well as 
the faces of the horizontal angles riveted to the ends, shall 
have a full and even bearing on the cap and base plates. 

192. Ends of Girders. — The ends of all girders shall 
be neatly finished; web-plates, flange angles, and flange plates 
shall be finished flush with each other. 

193. Eyebars. — Eyebars shall be of uniform thickness 
throughout, perfectly straight, and free from welds. The 
heads shall be full, smooth, and sound, and accurately 
centered with the bars; they shall be formed by upsetting 
in the most approved manner. After the heads are formed, 
eyebars shall be carefully annealed and thoroughly cooled 
before further handling. 

194. Pinholes. Pinholes shall be bored exactly at 
right angles to the axis of the member, not more than 
■bV inch larger in diameter than the pms up to 5 inches 
diameter, nor more than W inch larger for diameters greater 
than 6 inches, and not more than A inch greater or less than 
the calculated distance center to center as shown on the 
drawings. The centers of pinholes in riveted members shall 
generally lie on a line passing through the center of gravity 
of the member, unless shown elsewhere on the drawings 
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The centers of pinholes in eyebars shall be on the center 
line. Bars that are to be placed side by side in a bridge 
shall be bored so accurately that, if stacked up one above 
the other, a pin of the required size can be passed simul- 
taneously through all the holes at either end without much 
forcmg. 

195. Pins. — Pins shall be forged and carefully turned 
cylindrical, smooth, and true to size, and long enough to give 
all members a full bearing. They shall be driven with pilot 
nuts and caps; at least one driving cap and pilot nut for each 
size of pin shall be furnished by the Contractor. Threads on 
ends of pins shall project i inch beyond the surfaces of the 
nuts when they are screwed on. 

196. Pin Nuts. — Pin nuts shall be made so as to 
enclose the projecting ends of pins and come to a full 
bearing against the members. 

197. Rollers. — Rollers shall be forged and carefully 
turned cylindrical, smooth, and true to size. 

198. Bearings. — Sole plates and bedplates shall be 
planed smooth and straight. The slidmg surfaces at expan- 
sion ends shall be planed m the direction of expansion. The 
bottoms of webs and connection angles of pedestals shall be 
planed before the base plates are riveted on. 

199. Steel Castings. — Steel castmgs shall be planed 
where noted on drawings and wherever else it is necessary 
to insure good workmanship and even beanng. Cored holes 
shall be not more than i inch greater or less than the required 
sizes, nor more than i inch from the position shown on the 
drawings. Steel castmgs shall be true to the required 
dimensions after annealing. 

200. Shipment. — All pins, rivets, and other small parts 
shall be boxed, and the screw threads wrapped with twine, 
before shipment. An excess of field rivets equal to 20 per 
cent, of the reqmred number for each size and length shall be 
shipped for each bridge. All members shall be handled and 
loaded on cars in such a way as to avoid injury; any piece 
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showing the effects of rough handling may be rejected. The 
weight and erection mark shall be plainly marked on each 
part, and the weight and contents on each box. 


PAINTING 

201. General. — As soon as material is finished anc 
accepted, it shall be thoroughly cleared of rust, dirt, scale 
and other surface deposits, and carefully painted in accord 
ance with the following specifications. No painting shal 
be done until material is accepted. 

202. Surfaces In Contact. — Surfaces that will be ir 
contact with others shall be given one coat of red lead anc 
linseed oil before assembling. 

203. Inaccessible Parts. — All parts not accessible 
for painting after erection shall be given one heavy coat o 
approved paint at the shop as soon as finished and accepted 
and one coat at the bridge site before erection. 

204. Machined Surfaces. — All machined surfaces, sucl 
as screw threads, pins, and bearing surfaces shall be coatei 
with a mixture of white lead and tallow as soon as finishei 
and before leaving the shop. 

206. Finished Members. -^Finished members shall b« 
given one heavy coat of approved paint before leaving th* 
shop. In general, paint shall be allowed to dry 48 hour 
before loading material for shipment. 

206. Painting After Erection. — After erection, th 
bridge shall be given two heavy coats of approved paint, A 
least 48 hours must elapse between the applications of th 
two successive coats to any part of the bridge. 

207. Weather Conditions. — Painting shall be don 
only when the surface of the metal is perfectly dry. Fiel 
painting shall not be done in wet or freezing weather. Sho 
painting may be done in such weather, if. after painting, tt 
material is allowed to remain at least 48 hours in a covers 
building whose inside temperature is not below freezing. 


I L T 335—14 
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208, Quality. — The quality of paint and class of labor 
for painting shall be the best obtainable; special attention 
shall be given to this part of the work. 


ERECTION 

209. Commencement of Work. — The Contractor shall 
notify the Engineer when he is ready to conamence work, and 
the erection shall not begin until authority has been received 
in writing from the Engineer 

210. Care of Material. — Before and during erection, 
all material shall be kept clean and so stored and handled as 
to avoid injury. 

211. Old Structures. — If the new bridge is to take 
the place of an old bridge on the same site, the Contractor 
shall take down the old bridge; if required, he shall take it 
down without loss or injury to any part, and shall mark all 
parts for reerection. A diagram showing these marks shall 
be furnished to the Engmeer. 

212. Method of Erection. — If it is necessary to place 
any restnctions on the method of erection, the Engineer shall 
state them in the letter of invitation to bid; he shall also 
state the desired disposal of the old bridge. 

213. Xiines and Grades. — The Contractor will be 
expected to preserve with care all stakes set by the Engineer. 

214. Field Riveting in Splices. — Field rivets in 
splices of compression members shall not be driven until the 
members are subjected to dead-load stress. The splices shall 
be well bolted prior to this, to hold the members firmly in line. 

216. Bridge Seats. — Bridge seats shall be dressed 
by the Contractor. If they are out of level, he shall place the 
bedplates or pedestals level and at the correct elevation; if 
necessary, he shall fill m under them with cement grout well 
rammed into all open spaces under the bedplates or pedestals. 
The grout shall be allowed to set at least 24 hours before any 
load is placed on the bedplate or pedestal. 
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216. Laws and Ordinances. — The Contractor shall 
comply with all laws and ordinances applying to and gov- 
erning the work of erection, and shall obtain all necessary 
permits and comply with their requirements. He shall take 
precautions to guard against accidents and injury to persons 
and property, and shall be responsible for all losses due to 
floods, storms, and other casualties. He shall so conduct 
his work as not to interfere with the work of other Contractors, 
nor with the traffic on railroads, highways, or waterways, 
unless he procures written permission to do otherwise. 

217. Extra Work. — If the Engineer erects the bridge 
and extra work is found to be necessary owing to defective 
shop work or careless handling, the Contractor shall bear the 
cost of It; this cost shall be deducted from the amount due him. 

218. Employment of Men. — The Contractor shall 
follow all reasonable directions of the Engineer in regard to 
the discipline of his men during the work of erection. At the 
completion of the work he shall, if desired by the Engineer, 
furnish proper bond to protect the Engineer from ail liabili- 
ties resulting from the failure of the Contractor to pay for 
the materials or labor, 

219. Final Test. — As soon as the bridge is completed 
and before its final acceptance, the Engineer may test it by 
loading it with the specified loads Any defect that becomes 
apparent shall be corrected by the Contractor. 

220. Name Plate. — A name plate of neat design and 

finish, giving the name of the Contractor and the date of erec- 
tion, shall be firmly attached to each bridge in a prominent 
position. 


INSPECTION 

221. Inspectors. — ^All material shall be tested by, and 
all workmanship shall be under the supervision of, inspectors 
appointed by the Engineer. The Engineer and his inspectors 
shall have free access at all times to all parts of the mills and 
shops in which any part of the bndge is being manufactured.. 
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222. Reports of Inspectors. — Inspectors shall report 
the results of all tests, they shall report the shipments of 
material from the mills to the shops, and check the shipments 
off from the bills of material as fast as they are made. They 
shall also report the progress of the work, and in their final 
report shall state if the work as a whole was carried out in a 
satisfactory manner, noting any errors that may have been 
made. 

223. Mill Orders and Shipping Invoices. — When 
the Contractor places the orders for the material, he shall 
at the same time inform the Engineer as to the order num- 
bers, the furnace where the ingots are cast, and the mills 
where the material is rolled He shall also send two com- 
plete copies of the mill orders, and shall arrange to have 
the inspectors furnished with complete copies of shipping 
invoices with each shipment. 

224. Facilities for Testing. — The Contractor shall 

furnish, free of charge, all facilities, labor, tools, and instru- 
ments or machines necessary for inspection, testing, and 
weighing. 


GENERAL REMARKS 

225. Engineering Work. — All the engineering work 
in connection with the design and construction of bridges is 
done by one or more bridge engineers and their assistants 
in the employ of the city, town, or company that is to 
build the bridge. In some cases, engineers are employed 
permanently, such as city engineers and chief and bridge 
engmeers of railroad companies; in other cases, they are 
employed temporarily, and only for the purpose of designing 
and superintending the construction of one or more bridges. 

226. Eetter of Invitation. — Before the design of the 
bridge is begun, certain dimensions and conditions must be 
known These can be tabulated for almost all bridges it 
the form given below, the blanks being filled out for eaot 
bridge, and a copy furnished the designer- Ih some cases 


? ^ f I 



§74 


BRIDGE SPECIFICATIONS 


65 



Skew or angle of abutments with center line of bridge. 


Width of bridge and location of trusses. 


Floor system 

Number and location of tracks 

Loading 

Description of abutments 

Distance from floor to clearance line. 

«C C( (( <( 1^* V . 

high water 

<1 it it it ^ . 

low water 

“ “ river bottom- 

character of river bottom 

Usual season for floods 

Name of nearest railroad station 

Distance to nearest railroad station 

Time limit 

Name of Engineer 

Address of Engineer 

Remarks 
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a copy IS sent to the bidder with the letter of invitation, and 
he is requested to submit a proposed plan with his bid. In 
the majonty of cases, however, the bidder is furnished with 
a plan that gives all the information called for on the blank 
form, and in addition the stresses in the members. 

227. When it is necessary to have a bridge ready for 
traffic at a certain date, this date is stated in the letter of 
invitation. In some cases, bidders are offered a bonus for 
each day the bridge is finished before, and required to pay a 
penalty for each day the bndge is finished after, the stated 
time. 

228. liocatlon. — The first step in the design of a bridge 
is the selection of a site, and the arrangement of spans and 
location of piers and abutments. No fixed rule can be given 
for the location of the bridge and abutments or piers; these 
are matters that depend almost wholly on local conditions, 
and must 1: e decided by the judgment of the engineer. In 
general, however, it may be said that the site should be 
chosen with regard to economy and so that the bndge will 
be in a good position to accommodate the traffic. As a rule, 
single spans are most economical for short bridges, and steel 
trestles for long bridges. If the bridge is over a river, and 
a steel trestle cannot be used, owing to the danger from 
floods or because the piers would block navigation, the 
bridge may be composed of two or more spans resting on 
masonry piers; or, if at a great elevation above the river, so 
that high piers are expensive and objectionable, a single 
long span may be used. It is frequently necessary to esti- 
mate the approximate cost of several plans and designs 
before one is finally selected. 

229. Kind of Bridge. — ^When the location of the piers 
has been decided, the number and length of spans may be 
determined; then the general style of bridge, whether deck 
or through, the kind of trusses or girders, together with 
panel lengths and depths, and the width of bridge, are 
selected. In general, deck bridges should be used when 
possible, as they are somewhat more economical and, on 
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account of the transverse bracing between the trusses, some- 
what stiffer than through bridges; their use is limited, how- 
ever, to locations where there is plenty of room below the 
floor. The kind of structure — plate girders, riveted or pm- 
connected trusses, etc. — depends on the span; the style of 
truss — Pratt, Warren, Baltimore, etc. — is left to the judgment 
of the engineer. The depth and panel length are, as a rule, 
controlled by the specifications; but a few words may be 
added. It has been found in practice that for through plate- 
girder bridges, panel lengths of 10 to 15 feet are best; for 
riveted truss bridges, 
from 16 to 20 feet; and 
for pin-connected truss 
bridges, from 20 to 
30 feet. Panels may be 
made longer than 
30 feet in spans greater 
than 260 feet in length, 
but for shorter spans it 
is better not to exceed 
this limit. 

230. Width and 
Clear Height. — The 
width and clear height 
must be sufficient to ac- 
commodate the traffic. 

For railroad bridges, 
they depend on the out- 
side dimensions of the fio. lo 

car or engine having the largest cross-section; or, since one 
car may have the greatest width and another the greatest 
height, the outside dimensions of a car that would have that 
width and height. This is usually referred to as the maxi- 
mum equipment. The dotted lines in Fig. 10 represent 
the approximate outline of the maximum equipment in use 
on steam railroads in the United States, the full lines form- 
ing the diagrams given in Pigs. 1 and 2. The latter are 
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commonly spoken of as clearance diagrams. Their lines 
are located somewhat outside the lines of the maximum 
equipment to give required clearance, so as to keep unlooked- 
for projections, such as heads and arms out of car windows, 
from striking any part of the bridge. The additional height 
at the top is to prevent any part of the overhead bracing 
from striking the heads of brakemen on top of the cars. 
Owing to difficulties of design, the top flanges of through 
plate girders are allowed to come closer to the lower part of 
the outline of maximum equipment than any part of truss 
bridges. The same clearance diagram should be used for 
bridges on railroads that are undergoing electrification, that 
is, on which the motive power is being changed from steam 
to electricity, as well as on roads that are built especially for 
heavy cars operated by electricity on private right of way 
for freight and passenger service. The indications at pres- 
ent are that the equipment on such roads will be as large 
as the largest now in use on steaim railroads. 

As the equipment on street railroads is somewhat smaller 
than on steam or heavy electric roads, less width and height 
need be provided. Fig. 4 represents the outline of one-half 
the clearance diagram used on street railways. Less clear- 
ance is needed above the cars than on steam roads, as it is 
not necessary to allow for men standing on top of the cars, 
but simply to provide ample room for the trolley. 

On both steam and electric roads, more clearance is allowed 
at the sides on curves than on straight track, as parts of the 
cars overhang the track and the tops lean over. 

231. The width of a highway bridge depends altogether 
on the amount and kind of traffic to be provided for. For 
country bridges, the clear width should never be less than 
about 16 feet; for suburban and city bridges, the width may 
be anything from about 20 feet to the full width of the street 
leading to the bridge. Each case must be decided by the 
local requirements. 

232. Floor System. — The arrangement of stringers 
and floorbeams depends, to a great extent^ on the allowable 
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depth of floor from the surface to the underneath clearance 
line. As a rule, it is well to have as much depth as possible. 
Two-truss bndges are preferred, as a center truss requires 
the spreading: of the tracks or roadways. When two-truss 
bridg:es are used, the depth of the floorbeams and that of the 
floor are much greater than for three-truss bridges. In the 
elimination of grade crossings, and frequently in other cases, 
it is exceedingly expensive to separate the grades enough to 
permit the use of deep floorbeams; and it is then advisable 
at times to spread the track on railway bridges, or separate 
the roadways on highway bndges, so as to allow for the 
insertion of a center truss. In such cases, the floorbeams 
need not be so deep, as they will be but one-half as long as 
if two trusses were used. 

Some engineers think it is best to place the stringers of 
railroad bridges directly under the rails, but it seems better 
practice to space them 6 feet 6 inches center to center, each 
one about 9 inches from the center of the rail. In this way, 
some of the shock and vibration of the train is absorbed by 
the elasticity of the ties, which have a chance to deflect. 

Two stringers aie frequently placed close side by side to 
carry the load on each rail, but this is not good practice, as 
it IS almost impossible to distribute the load equally between 
them on account of poor fitting of ties, etc. If this inequality 
occurs at the center of a panel, the stringer getting the 
greater part of the load will deflect, thereby transmitting 
some of the load to the other stringer, and not much harm 
will result. If the inequality occurs at the end of a panel, the 
rivets connecting one of the stringers to the floorbeam web 
are liable to get the load that should go through two sets of 
rivets; they will be overstrained, and may, in time, loosen. 
When stringers are riveted to floorbeam webs, it is better to 
use one stringer for each rail. 

233. Short-span I-beam bridges for railroads are com- 
posed of two or three beams for each rail. The beams are 
placed close together, and are made to act as one beam by 
being firmly bolted together and held in place by separators. 
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There is then no objection to using more than one beam 
under a rail. If the stringers in floor systems were laid 
close and bolted together in the same way, it would be 
impossible to get satisfactory connections to the floorbeams. 


234. Deck truss railroad bridges are occasionally built 
with a floor system, the ties resting on the top chords of the 



(d) 

Tia 11 


trusses. The sections of top chord then act as beams as well 
as compression members, and are subjected to simultaneous 
compressive and bending stresses. This practice is con- 
demned by the best engineers. It is best in all cases to 
provide a floor system in the top chord, the ends of the floor- 
beams being connected to the insides of the trusses or resting 
on top of the trusses at the panel points. 
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235. Live liOfidB. — One of the most important steps in 
the design of a bridge is to ascertain the live or moving load 
the bridge is to carry. The live load on a railroad bridge 
consists of locomotives and cars. As explained m Stresses 
z?i Bridge Trusses^ Part 4, it is customary to use typical load- 
ings that represent the heaviest loads it is expected the 
bridge will ever have to carry. Fig. 11 shows four typical 
loadings in use on leading railroads m the United States; 
Cooper’s loadings also have been adopted by many of the 
leading railroad companies. At the present time, Cooper’s 
E50 well represents the heaviest loads on most Amencan 
railroads. In a few special cases, where the loads in use are 
somewhat heavier than this, each load of Cooper’s E60 may 
be multiplied by 1.1 or 1.2, as desired, giving what may be 
called E55 and E60, respectively, approximately equivalent 
to the actual loads, and the resultant systems substituted for 
E60 in the specifications. For bridges on branch lines and 
on lines on which the locomotives and cars are light, E40 
will give sufficiently heavy loads. In case extra heavy loco- 
motives and cars are used for any purpose, the bridges on 
lines over which they operate should be designed for the 
actual loads, increased 10 per cent, in some cases to allow 
for future increase. 


236. Up to the present time, the only type of concen- 
trated load that has been considered for railroad bridges has 
been the steam loco- g § § § § § 

ill i . 

Q- 9 Q 


motive and train of 
cars. There are now 
in use electric loco- 
motives very nearly 


SCOO /A per Linear 
floot of Track 


Pig 12 


equal in weight to the steam locomotives. Fig. 12 shows 
the distances between axles and the weights on the axles of 
one of the heaviest electric locomotives that has been built. 
Bridges over which such heavy locomotives are to pass, or 
over which it is likely they will pass in the future, should be 
designed for Cooper’s E60, in the same way as other railroad 
bridges, or for the actual loads, as explained above. 
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237. On electric roads designed for the multiple-unit 
system, which uses no locomotives, each car carrying its 
own motors, it is necessary to ascertain if there is any possi- 
bility of the road being used m the future by steam or electric 
locomotives; if so, due allowance should be made so that the 
bndges will be strong enough for them. If it is likely that 
nothing but the cars will ever run on the road, the bridges 
should be designed for the actual weights of the cars when 
fully loaded, increased 10 or 20 per cent to provide for a 
possible increase in the weight of future cars. Fig 13 rep- 



Pio.18 


resents the weights and axle spacing of the cars run by the 
multiple-unit system on two different roads. The specifi- 
cations given for railroad bridges should be used for such 
system of loading, except that the new loading should be 
substituted for that given in Art. 24. 

238f The loads to which highway bridges are subjected 
differ considerably from those to which railroad bridges are 
subjected. They usually consist of heavy snowfalls, crowds 
of people, wagons, road rollers, and street cars. It has 
been observed that city bridges are more likely to be sub- 
jected to the weight of large crowds of people and of wagons 
than country bridges; a crowd of people may cover the 
entire floor of a short span, but is not likely to cover the 
whole floor of a long span. For this reason^ the uniform 
load per square foot that is used is heavier for city than for 
country bridges, and heavier for short than for long spans. 


I 
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Heavier road rollers are used on city streets than on country 
roads. The case of street cars, however, is somewhat differ- 
ent. The heaviest cars run in city streets are, as a rule, 
those that are used for interurban traffic; that is, to connect 
cities. These cars cross country bridges as well as city 
bridges, and both kinds of bridges must be designed to sup- 
port them. The loads given in Art. 98 represent, as near 
as possible, those to which the different bridges may be sub- 
jected, and are approximately the same as those now in use 
by the best engineers. It is not probable that they will 
increase for a great many years. 

239. Impact and Vibration. — As explained in Strength 
of Materials, Part 1, a load that is suddenly applied produces 
twice as great a. stress as one that is gradually applied, and 
a load that is applied in a very short interval of time causes a 
stress greater than that caused by a load that is gradually 
applied, but less than that caused by a suddenly applied 
load. The moving loads that cross bridges are applied in a 
short interval of time, more so in the case of railroad than of 
highway bridges, and it is customary to make some allow- 
ance for the resulting increased stresses in the members and 
for the shock and vibration of the bridge under the passing 
loads. The increase in the stresses is called the elfect of 
Impact and vibration. Some experiments have been 
made and several formulas proposed for determining the 
magnitude of this increase. Owing, however, to the difficulty 
and expense of making experiments, it has been impossible 
to obtain reliable results. Practice varies considerably in 
respect to the formula used; some engineers use two values 
for the allowable intensity of stress - one for dead-load stress, 
and the other, usually one-half the former, for live-load 
stress. This method has the disadvantage that it causes 
difficulty in designing, especially in compression members; 
it is necessary to find separately the areas of cross-section 
required to resist the dead-load and the live-load stresses 
and to add them in each case to obtain the required dimen- 
sions. This method is, besides, illogical, as it tacitly 
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assumes that the proportional effect of impact and vibration 
ia the same in all members, while as a matter of fact it is 
greater in such members as floor members and hip verticals, 
which receive their maximum live-load stresses m a short 
interval of time (m some cases, i second), than in such 
members as chords of long spans, which do not receive their 
maximum live-load stresses in so short a time. The best 
engineers allow the same intensity of stress for both dead- 
load and live-load stresses, but add a certain amount to the 
live-load stress as calculated from the loading. In some 
cases, the amount added is a percentage of the live load 
equal to the ratio of the live- to the sum of the live- and dead- 
load stresses; but in the great majority of cases allowance is 
made as specified in Arts. 26 and 99. The time required 
for any live-load stress to rise from zero to its maximum 
depends on the time it takes the moving load to cover the 
part of the bridge that must be loaded in order to cause the 
maximum stress. The formulas just referred to take this 
into account; they are the results of experience, and are the 
most satisfactory so far devised. More allowance is made in 
railroad bridges than in highway bridges that carry electric 
railways, as in the former class of bridges the loads move 
much faster and also cause more shock and vibration. 

Example 1.— The live-load stress in the center panel of the upper 
chord of a railroad bndge truss 160 feet long is 280,000 pounds. What 
amount must be added for impact and vibration? 

Solution — In this case, S = 280,000, as the member under con- 
sideration IS a chord member, the entire span must be loaded to 
produce the stress 5* Then (see Art. 26), L = 160, and, therefore, 
300 

/ = X 280,000 = 186,700 lb. Ans. 

Example 2 —In a highway bridge truss 126 feet long, the live-load 
stress in the end post, due to the load on the car track, is 76,000 pounds. 
What amount must be added for impact and vibration? 

Solution — In this case, 5* = 76,00C, as the member under con- 
iideration is an end post, the entire length of span must be loaded 
to produce the stress S’. Taen (see Art, 99), Z. = 126, and, therefore, 
300 — 126 

/ - l - QQO X 76,000 =» 13,100 lb. Ans. 
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240, Reversal of Stress. — It is a well-known fact, 
established by experiment, that a piece of metal that is 
subjected to a large number of repetitions of varying 
stresses will finally break, even though the greatest stress 
to which It has been subjected is much less than the ultimate 
strength of the metal. This is true whether the stresses are 
of the same kind or are of opposite kinds Bridge members 
are subjected to a great number of repetitions of varymg 
stresses, and various methods are in use to ntake allowance 
for the eflEect. Some of these methods make use of different 
allowable intensities of stresses in different members, the 
actual value in any case depending on the ratio of the mini- 
mum to the maximum stress. It is the best practice at the 
present time, however, to ignore the effect m those members 
in which the maximum and minimum stresses are of the 
same kind, as the range of stress is comparatively small, 
and to allow for it in those members in which the maximum 
and minimum stresses are of opposite kinds, as the range of 
stress IS then comparatively large. 

The customary way to make allowance in those members 
in which the stress reverses is to add to each stress eight- 
tenths of the other and then design the member for both of 
the increased stresses. For example, if the maximum stress 
m a member is 26,000 pounds compression, and the minimum 
stress is 10,000 pounds tension, the member must be designed 
for 

25,000 4- A X 10,000 = 83,000 pounds compression 
and for 

10,000 + iV X 25,000 = 30,000 pounds tension 

Example — The maximum stress in a member is 60,000 pounds 
tension, and the minimum stress 20,000 pounds compression, [a) If 
the allowable intensity of tensile stress is 16,000 pounds per square inch, 

what IS the required net section of the member? {b) If the value of ~ 

is such that the allowable intensity of compressive stress is 13,600 
pounds per square inch, what is the required gross section? 

Solution.— (a) The tension for which the member is to be designed 
iB 60,000 H- A X 20,000 « 66,000 lb. 
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Then, the required area of net section is 

68.000 -r 16,000 = 4 125 sq in Ans. 

(d) The compression for which the member is to be deslgfned is 

20,000 H- X 60,000 = 60,000 lb 
' Then, the required g^oss area is 

60.000 13,600 = 4 444 sq. in Ans. 

241. Dead Doad. — In finding the dead load, it is cus- 
tomary first to decide on the type of floor and calculate its 
weight. Then the approximate weight of the steelwork can 
be calculated by some formula. The weight of a bridge per 
hnear foot depends on the moving load for which the 
bridge is designed and on the intensities of stress adopted. 
Formulas for calculating weights of bridges are purely 
empirical; they are based on values that have been observed 
in actual structures. On account of the fact that railroad 
bridges are, as a rule, designed for one loading, the formulas 
for their weights are fairly reliable. In the case of highway 
bridges, in which the loadings and widths vary within a wide 
range, it is almost impossible to give formulas that represent 
all the conditions. In any event, it is necessary, after having 
completed the design of a bridge, to compute its weight 
accurately; if the computed weight differs much from the 
assumed weight, the dead-load stresses should be recomputed 
and the cross-sections of the members altered to correspond 
with the corrected stresses. This is sometimes spoken of as 
revising the design. 

242. Weights ol Railroad Bridges. — ^The following 
formulas give the weights w, in pounds per linear foot, of 
the steel work in railroad bridges designed according to the 
specifications from Arts. 14 to 90 for Cooper’s E60, / being 
the span, in feet: 

Rolled I beams, w = 26 / for each track. 

Deck plate-girder bridges, w = 600 -|- 8 / for one track. 

Half-through plate-girder bridges, w = 800 + 12 / for one 
track. 

Riveted truss bridges, 

w = 1,600 1^1 -(- j for one track 


1 ^ 



BRIDGE SPECIFICATIONS 


67 


S 74 


Riveted truss bridges, 

TV = 2,600 j^l + j tracks 

Pin-connected truss bridges may be assumed 5 per cent, 
lighter than riveted truss bridges for spans over 200 feet in 
length. For spans shorter than 200 feet, the same formulas 
may be used as for riveted truss bridges. 

The above weights are for bridges having standard-tie 
floors, as described in Art. 48. Solid-floor bndges will, m 
general, be about 26 per cent, heavier. 

243. Weights of Highway Bridges. — The following 
formulas give the weights w, in pounds per linear foot, of 
one girder or truss in highway bndges designed according to 
the specifications given m Arts 91 to 169; I being the span, 
m feet, and W the maximum load per linear foot supported 
by the girder or truss, including the live load together with 
the impact, and the weight of floorbeams, stringers, railings, 
and floor. 

Plate-girder bridges, w = 

W 

Riveted truss bridges, 

Pin-connected truss bridges may be assumed 5 per cent, 
lighter than riveted truss bridges for spans over 200 feet in 
length. For spans shorter than 200 feet, the same formulas 
may be used as for riveted truss bridges. 
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DESIGN OF PLATE GIRDERS 

(PART 1*) 


GENERAL PRINCIPLES 




BEAMS 

1. Introduction. — The principles governing the distri- 
bution of stress in the cross-section of a beam, and the for- 
niiilab by which the stresses are obtained from the moments and 
shears, have been explained in connection with the theory of 
beams in Strength of Materials. The formula for the maximum 
tensile and compressive stresses at any section of a beam is 

/ 

in which j — maximum intensity of stress; 

c = distance of most remote part of section from 
neutral axis; 

/ = moment of inertia of entire cross-section about 
neutral axis; 

M = bending moment at section considered. 

If the expression which is the section modulus, is repre- 
sented by Q, the formula for the maximum intensity of stress 
becomes 

M 

Q 

*A11 the tables referred to m this Section are gwen va.BndgeT^Ui 
and explained in Bridge Members and Details, Parts 1 and 2 
ring to Hie Section entitled Bridge Specifications, the title will for 
coxiv6ni6DC6 be abbreviated to ^ .S 

CoPmzMid by International Textbook Com^pany 
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From this formula follows 



Care must be taken that the proper units are used in these 
formulas. It is customary to express ^ in pounds per square 
inch, c in inches, and M in inch-pounds; the moment of 
inertia I and section modulus Q found from the dimensions 
of the section expressed m inches. 

2« I Beams. — The maximum intensity of stress in an 

I beam is found by the formula s = ^, The section moduli 

of I beams of different weights and depths are given m 
Table XIV. The practical problem, however, usually con- 
sists in finding what size of I beam will safely carry a 
given load. 

To solve this problem, the maximum bending moment M 

is computed, and then, by means of the formula Q — the 

required value of the section modulus is found. An I beam 
having a section modulus equal to or slightly greater than 
that required is then chosen from Table XIV. The same 
method is followed in designing channels to be used as 
beams. 

Example 1. — The bending moment at a given section of a 12-inch 
40-pound I beam is 672,000 inch-pounds What is the maximum inten- 
sity of stress at that section? 

Solution — Consulting Table XIV, the section modulus of a 12-in. 
40-lb I beam is found to be 44 8. Then, since M Is 672,000 in.-lb., 
the maxinium intensity of stress s is 

672,000 — 44.8 = 16,000 lb per sq. in Ans 

Example 2 — The maximum bending moment on a beam is 
1,840,000 inch-pounds If it is required that the maximum intensity 
of stress shall not exceed 16,000 pounds per square inch, what size and 
weight of I beam must be used? 

Solution —Since M is 1,840,000 in -lb., and s is 16,000 lb per 
sq. in , the required value of section modulus Q is 1,840,000 -t- 16,000 
= 116 Consulting Table XIV, and following from the smaller beams 
toward the larger, the first I beam that has a section modulus as large 
as required is found to be a 16-in. 96-lb. beam, which has a section 
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modulus of 116 4. Looking lower down, however, it is found that a 
20-in 66-lb beam has a section modulus of 117, which is also suffi- 
cient. The latter beam should be used, as it is 30 lb per ft lighter, 
and therefore more economical than the 9B-lb beam. 

Notb —The advantage of tislnfi: a deep beam Is here apparent, as the required 
value of section modulus oan be had with a llchter beam than If a shallower beam 
were used. 


EXAMPLES FOR PRACTICE 

1 The bending moment at a given section of a 24-inch 100-pound 

I beam is 3,472,000 inch-pounds. What is the maximum intensity of 
stress at that section? Ans. 17,500 lb per sq. m. 

2 The bending moment at a given section of an 18-mch 65-pound 

I beam is 1,370,600 inch-pounds. What is the maximum intensity of 
stress at that section? Ans 14,000 lb per sq. in. 

3, The maximum bending moment on an I beam is 133,300 foot- 
pounds What size I beam must be used in order that the maximum 
intensity of stress shall not exceed 16,000 pounds per square inch? 

Ans A 20-in 65-lb I beam 

4 The maximum bending moment on an I beam is 400,000 inch- 
pounds What size 1 beam must be used in order that the maximum 
intensity of stress shall not exceed 16,000 pounds per square inch? 

Ans. A 10-m. 80-lb. I beam 


PLATE GIBDEBS 


SECTION MODULUS 

3. The maximum stresses due to bending moment in a 

M 

plate girder may be found by means of the formula j =s — . 

As the flanges are not the same size throughout the whole 
length of the girder, however, the value of Q changes 
wherever the section of flange changes, and in order to use 
the formula it is necessary to compute the value of Q at 
every section where the flange changes. This requires 
much time and is rarely done in practice; a modification of 
the foregoing formula is used that gives sufficiently close 
results and is much more convenient. This formula will 
now be explained. 
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4. Let Fig. 1 be a vertical section of a plate girder having 
dimensions as follows: thickness of web, t\ width (depth) of 
web, A, vertical distance between centers of gravity of flanges, 
hi, total height or depth of section, h„ gross area of cross- 
section of top flange and net area of cross-section of bottom 
flange, which will be assumed equal, A. It will be assumed 
that the cross-section of the girder is symmetrical; then, the 

neutral axis will be at the center, 

r. 

at a distance ^ from the center 
of gravity of each flange. As 
j2 = -, it is necessary to compute 

the value of /; c is equal to 

The moment of inertia of the 
entire cross-section about the 
neutral axis is the sum of 
the moment of inertia of the 
web about the neutral axis, the 
moment of inertia of each flange 
about an axis parallel to the 
Fi® 1 neutral axis and passing through 

the center of gravity of the flange, and the product of the 
area of each flange and the square of the distance from its 
center of gravity to the neutral axis. 

The moment of inertia of the web about the neutral axis 
t A* 

is As part of the web is cut out by rivet holes, it is 

customary to allow for the decrease in strength by using for 
the moment of inertia three-fourths of the theoretical value; 

j t a j 

that IS, in this case, i X The moment of inertia 

12 16 

of each flange about an axis through its center of gravity is 
very small compared with the other terms, and in practice 
it is customary to neglect it. The product of the area of 
each flange and the square of the distance of the center of 

h * 

oravity of the flange from the neutral axis is .^4 X 

4 



For 
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both flanges, twice this value, or should be taken. 

Therefore, for the moment of inertia of the entire cross- 
section of the girder about the neutral axis, we have 
approximately, ’ 

/ = I thl 

2 16 

whence, since O *= -, and c = — ‘ 
c 2 

Ah^ th* 

Q = ^16 =, dJiL 4 . at 

A, 8 A, 

2 

This formula is not convenient in this form. By assuming 
that in the first term A, can be replaced by h^, and that m 
the second term A, can be replaced by A, and A’ by A* X A,, 
the following more convenient, and sufificiently approximate 
formula is found: 

Q = ih' hg At-jithhg ft/jfi^A\ 

As a matter of fact, hxy and hg^ are as a rule very nearly 
equal, and there is not very much error in assuming that any 
of these quantities can be replaced by either of the other two. 

Example —The web of a plate girder is 48 in X i in in cross- 
section Each flange has an area of section equal to 20 square inches, 
and the vertical distance between their centers of gravity is 47 inches. 
What is the section modulus of the cross-section? 

Solution.— I n this case, = 47 in , -<4 = 20 sq in , ^ * i in , 
and h « 48 in. Substituting these values in the formula, 

e « 47 X ^20 -i- = 1,081 Ans. 


DESIGN or FliANGES 

6. Determination of Flangre Area. — Since j 

Q 

we have also, M — sQ, Substituting for Q its value given 
in Art. 4, this equation becomes 

tU 
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whence 

and 


—— =5/4-1. — 

SK ^ 8 
__ M ih 


M 


sh. 


The expression is sometimes spoken of as the flange 

shg 

ih 

area, and the term ■“ is spoken of as the portion of web 
8 


that goes to make up the flange area, or that assists in 
resisting the bending moment. 

In designing, the distance between the centers of gravity 
of the flanges is usually first assumed equal to the width of 
web, and the flange is designed on that basis, then, the cor- 
rect distance is calculated, and, if necessary, the areas of the 
flanges are changed to correspond with it. 


6. Effect of Web. — It is sometimes specified that the 
flanges shall be considered as resisting the entire bending 
moment, without considering the assistance of the web. In 
this case, as the last expression m the formula for A in Art. 5 
represents the effect of the web, it is simply necessary to 
omit it. The resulting formula is 

s hg 

By using this formula, the area of each flange is made 
larger than necessary by an amount equal to one-eighth the 
cross-section of the web. This assumption evidently gives 
incorrect results; but, as it provides more flange area than is 
required, it is on the safe side The only objection to it is 
that it is not economical. In the followmg articles, it will be 
assumed that the web assists in resisting bending moment. 

Example —A plate girder having a 00'' X f" web is subjected to a 
maximum bending moment of 2,000,000 foot-pounds If the allowable 
intensity of bending stress is 16,000 pounds per square inch, what is 
the trial value that would be used tor the area of each flange* (a) if 
the web is assumed to assist in resisting the bending moment? (^) if the 
flanges are assumed to resist the entire bending moment? 

Solution. — {a) As the bending moment is given in foot-pounds, 
It must be multiplied by 12, in order to reduce it to inch-pounds. 
This gives M ^ 12 X 2,000,000 »= 24,000,000 in.-lb. The value of s 


i 





§75 


DESIGN OF PLATE GIRDERS 


7 


IS 16,000 lb per sq in As the trial values of the areas are required, 
the trial value of that is, the width of the web, or 60 m , will be 
used In the first case, the required area of the flange is given by 
the formula in Art 6, 

shg 8 

Here, / « m., and h = = 60 m. Then, substituting in the 

formula, 


A 


24,000,000 376 X 60 


26 — 2 81 = 22 19 sq in. Ans 


16,000 X 60 8 

{b) In the second case, the required area of flange is given by the 
M 

formula A = Substituting the given values, 

S riff 

24,000,000 , • 

l6;Wir60 = 26 sq. in Ans. 


A = 


7. Xjengtli of Flange Members. — As the bending 
moment near the end of a girder is less than at the center, 
the required area of flange section is less near the end than 
at the center For this reason, each flange is composed of 
several parts, usually two angles and one or more plates 
The angles, and in some cases one plate, are continued the 
entire length of the girder; the other plates are shorter, and 
are cut off where they are no longer required. It is very 
difficult to find, by the analytic method, the sections at which 
the different flange plates are no longer required; a combina- 
tion of the analytic and the graphic method is more con- 
venient. The required areas of flange at several sections 
along the girder are computed by means of the formula 

and a curve of flange areas is drawn. Fig. 2 

shg 

shows the curves for the top and bottom flanges of a plate 
girder, and the graphic method of determining the sections at 
which the plates are no longer required. As plate girders are 
usually symmetrical about the center, only one-half of the span 
is shown. The diagram is explained m the following article. 

8. Curve of Flange Areas. — On any line X' X, Fig. 2, 
the distance D is laid off to scale equal to one-half the span, 
and the sections A, B, C, etc., at which the flange areas have 
been computed, are marked in their proper positions. At 
A,B, C, etc., lines are drawn at right angles to X'X, and on 
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them are laid off to scale the distances A A', B B', CO , etc., 
above and below X> X to represent the values of A as found by 
M 

the formula/^ = — — If the load on the girder is concentrated 

shg 

at the points A, B, C, etc., as in a half-through plate-girder 
bridge, straight lines R A', A' B', B' O, etc. are drawn con- 
necting the points ]ust found; if the load on the girder is 



distributed, as in a deck plate-girder bridge, smooth curves 
are passed through the points R, A', B', O, D', and I', above 
and below the line X' X, respectively. In the present case, 
It has been assumed that the load is uniformly distributed; 
then, the curves RI' are the curves of flange areas, and the 
ordinate at any section, such as E B' at E, represents the 
required flange area at that section. The next step in 
the construction of the diagram consists in laying off to 
scale on the line Y O Y' at right angles to X> X ai O the 
areas of the different sections that make up the flanges. 
When It is specified that the effect of the web in assisting to 
resist the bendmg moment is to be neglected, the areas of 
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the angles and plates are laid off directly from (9, when it is 
specified that the effect of the web is to be considered, as in 
the present case, the points (J are located on Y 0 Y' at such 

a distance from 0 that O O' represents to scale and the 

8 

lines O' R' are drawn parallel to O R Then, the ordinates 
between the lines O' R' and the curves, at any section, such 
as E" E' at E, represent the required area that must be pro- 
vided in the angles and plates at that section. In the present 
case. It will be assumed that two angles and three plates are 
required at the center in each flange; O' represents the 
gross area of the two angles, and EG, GH, and HI, the gross 
areas of the three plates m the top flange; O' (?i, G,H^, 
and H, E represent the net areas of the angles and plates 
in the bottom flange. Lines are drawn through the 
points F, G, H, etc. to their intersections F' , G' , H' , etc , 
respectively, with the curve; then, {,g, etc., on perpendiculars 
from F', G, etc to X' X, are the sections at which the dif- 
erent flange plates are no longer required. 

For example, it is seen that at the section h the required 
area of the top flange is represented by h' H', which is equal 
to O' H, and this represents the sum of the areas of the two 
angles and two plates. Hence, as the outside plate is not 
required, it can be discontinued at H', and H H' will repre- 
sent one-half its length. In a similar manner, at the section g 
the required area of the top flange is represented by g' G, 
which is equal to O' G, and this represents the sum of the 
areas of the two angles and one plate. Hence, as the two 
outside plates are not required, the second plate can be 
discontinued at G By the same method, the section at 
which any plate is no longer required can be found when 
there are any number of plates. 


EXAMPLES FOR PRACTICE 

1 The web of a plate girder is 84 m. X A in. In cross-section 
Each flange has an aiea of section equal to 36 square Inches, and the 
vertical distance between their centers of gravity is 83 inches. What is 
the section modulus of the cross-section? Ans. 3,478 
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2 A plate girder having a 56" X web is subjected to a maximum 

bending moment of 1,792,000 foot-pounds If the allowable intensity 
of bending stress is 16,000 pounds per square inch, what is the trial 
value that would be used for the area of cross-section in the design ot 
each flange* (a) if the web is assumed to assist m resisting the bend- 
ing moment? (^) if the flanges are assumed to resist the entire 
bending moment? / (^) ^0 5 sq m 

Ans 24 sq.m 

3 The required flange areas at several sections of a deck plate 
girder 64 feet long are as follows* at 8 feet from the end, 21 square 
inches, at 16 feet from the end, 86 square inches, at 24 feet from the 
end, 46 square inches, and at the center of the span, 48 square inches. 
The upper flange is made up as follows 

Square Inches 

/A-r8 . ... . . .. — 412 

Two angles, 6 in X 6 m X fm @ 8.44 . . . = 1 6 8 8 
Three plates, 16 in X @ 7 00 . . . . = 2 1.0 0 

One plate, 16 m. X f m @ 6 00 , . . = 6 0 0 

4 8 0"0 

What are the theoretical lengths of the four flange plates to the 
next larger whole foot? Ans. 23 ft , 34 ft , 42 ft., 48 ft 


DESIGN OP WEB 

9, Xion^tudiual Slieai'lng Stress. — The distribution 
of stress in the cross-section of a beam can be represented 
as in Fig. 3, in which the lines with arrowheads represent 

the intensities of stress at different 
distances from the neutral axis. All 
the stresses acting on the section 
above the neutral axis are in one 
direction; all below, in the other 
direction. On this account, there is 
a tendency for the portion of the 
beam on one side of the neutral 
plane to slide horizontally on the 
portion on the other side. The 
same is true at any horizontal sec- 
tion, such as XX, the part above xx 
tending to slide on or shear away from the part below the 
plane This tendency causes a shearing stress called the 
lonsltadlnal sliearlng; stress or longitudinal slxear. 



T 
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which decreases as the distance from the neutral axis 
ncreases, is greatest at the neutral axis, and is zero at the 
Dutside of the section It can be shown by advanced mathe- 
natics that the longitudinal shearmg stress in a beam is given 
Dy the formula 

^ ( 1 ) 


n which s/ = longitudinal stress, in pounds per linear tnch 
of beam (that is, the stress that would 
occur m a length of the beam equal to 
1 inch, if the stress in all that portion had 
the same intensity as at the section con- 
sidered); 

V = maximum vertical shear, in pounds, on the 
section considered; 

/ = moment of inertia, about the neutral axis, of 
the entire section, derived from the dimen- 
sions of the cross-section in inches; 

G — static moment, about neutral axis, of all that 
part of section outside of point considered 
(that is, the product of the area of that 
part of the section and the distance from 
its center of gravity to the neutral axis). 

If the thickness of the beam is denoted by /, the inten- 
.ity of longitudinal shear, per square inch, is equal to 
x' -r- t\ that is, 


Si 


s_l^VG 
t tl 


( 2 ) 


In calculating longitudinal shear, it is immaterial whether 
he vertical shear is positive or negative, as only the numer- 
cal value is required. 


10. Variation In Shearing: Stress. — As the vertical 
.hear V is greater near the end than at the center, the longi- 
udinal shear is also greater at the end than at the center. 
Considering a vertical section of the beam, V and I are con- 
itant for that section; that is, they do not vary, no matter 
vhst part of the section is considered; G decreases as the 
)oint at which the longitudinal shear is desired is taken 
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farther from the neutral axis, and is zero at the outside of 
the section. Therefore, according to formula 2, Art, 9, the 
maximum intensity of lo7igitudi7ial shear occurs 0 / the ?ieuiral 
axiSy near the end of the span. 


11. "Web Shear.— It can be shown that the intensity of 
vertical shearing stress at any point in the cross-section of a 
beam is equal to the intensity of longitudinal shear at the 
same point. The maximum intensity of vertical shear at any 
section of a plate girder can therefore be found by applying 
V G 

the formula Si= to a point at the neutral axis of the sec- 
tion. In Art. 4, it was found that the value of / is approxi- 
mately The static moment G is the sum of 

u lb 

the static moment of the area A of one flange and the 

i h 

static moment of the area -- The distance of the center 
of gravity of A from the neutral axis is and, therefore, 

2i 

the static moment oi AisA The distance of the center 

a 


of gravity of the area of one-half the web from the neutral 

axis IS and, therefore, the static moment of that area is 
4 

tk ^ h _ 

2 ^ 4 “ 8 " 


Therefore, 


C = 




, ik’ 


Substituting in formula 2, Art 9, the values just found 
for I and G, there results 


,lAh; th'\ 

\ 2 ^16/ 


( 1 ) 


tic i 1C 

As the terms and are small, compared to the other 
o Id 


terms, they may be omitted without any error worth consid- 
enng in practice. Formula 1 then becomes 
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FX^ 

tx^^ 


V 

thff 


or, approximately, since hg is very nearly equal to A, 


Sx 


th 


( 2 ) 


The product / A is equal to the area of cross-section of the 
web. Formula 2 may, therefore, be stated in the form of a 
rule as follows: 


Rule . — To Hnd the maximum intensity of shearing stress in 
the web of a plate girder at any section^ divide the maximum 
vertical shear ^ in pomids^ by the gross area of cross-section of the 
web in square inches, 

12. Stiffeners. — In Bridge Members and Details, it was 
explained that a flat plate, such as the web of a plate 
girder, tends to buckle when subjected to a shearing stress, 
and for this reason it is stiffened by angles riveted to the 
sides of the plate. The holes for the rivets in the stiffeners 
decrease the cross-section of the plate, and it has been found 
in practice that the effective or net section through such a 
row of holes is very nearly 75 per cent, of the gross section. 
To allow for the decrease in section, it is customary to 
specify that the intensity of shearing stress found by the 

formula Si — at any point shall not exceed 76 per cent. 
th 

of the allowable intensity of shearing stress. 

Example 1. — The maximum vertical shear at a given section of a 
plate gfirder is 180,000 pounds, and the area of cross-section of the web 
IS 30 square inches What is the maximum intensity of shearing stress? 

Solution. — In this case, V is 180,000 lb. and / A is 30 sq. in. Sub- 
stituting in formula 2, Art 11, 

Si = 180,000 -J- 30 = 6,000 lb. per sq. in. Ans 

Example 2, — The maximum vertical shear at a given section of a 
girder is 240,000 pounds. If the width of web is 72 inches, and the 
clear unsupported distance at the given section is 26 inches, what 
thickness must be used in order that the intensity of shearing stress 
shall not exceed the values given in Table XXXVI? 
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SoiUTioN — In an example of this kind, which is common, it is 
necessary to assume either the intensity of shearing stress or the thick- 
ness of web The experienced designer can, as a rule, assume the 
thickness of web pretty close to the actual thickness, and later correct 
his assumption In the present case, the intensity cannot exceed 
lb per sq in (see Table XXXVI), therefore, the cross-section of 
the web cannot be less than 240,000 9,000 = 26 667 sq in., and the 

thickness cannot be less than this divided by the height, or 26 667 72 

= .37 in., say -J in. The area of cross-section of a 72" X I" plate is 
27 sq. m.; then, the actual Intensity of shear, if a f-m plate is used, 
will be 210,000 -r- 27 =. 8,888 lb per sq in Consulting Table XXXVI, 
it ib found that the allowable intensity of shear in a |-m plate with 
an unsupported width of 26 m is 4,600 lb per sq in As this is so 
much less than the actual intensity, a thicker plate must be tned The 
difference between the actual and the allowable intensity being so 
great, the next thickness, in , will not be considered, hut a plate 
-J'-in. thick will be tried 

The area of cross-section of a 72" X plate is 86 sq in , then, the 
actual intensity of shear, if a ^-in. plate is used, will be 240,000 — 36 
6,667 lb. per sq. in. Consulting Table XXXVI, it is found that the 
allowable intensity of shear is 6,400 lb. per sq. in As this is less than 
the actual intensity, a thicker plate must be used The next thickness, 
that is, in , will be tried. The area of cross-section of a 
72" X tV' plate is 40 6 sq in , then, the actual intensity of shear, if a 
1 %-in plate is used, wiU be 240,000 40 5 = 6,930 lb per sq m 
Consulting Table XXXVI, it is found that the 
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allowable intensity of shear is 7,000 lb per sq in. As 
this Is greater than the actual intensity, the assumed 
thickness is sufiBcient. Therefore, a 72" x plate 
may be used. 

13. Pltcb. of Flange Rivets. — The 
longitudinal shear in a beam of solid cross- 
section is resisted by the shearing strength 
of the material. That in a beam built up of 
various simple rolled sections is resisted by 
the rivets that hold the different parts together 
so as to make them act as one piece. The 
longitudinal shearing stress in a plate girder 
tends to cause the flange angles to slide on 
the web. In finding this stress, it is custom- 
ary to consider a section, such as rr, Fig. 4, 


made between the flange angles and the web, this section cuts 
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only the rivets that connect the vertical legs of the flange 
angles to the web. The longitudinal shearing stress on the 
section r r, per unit of length, is found by the formula in Art. 9, 

. VG 


In this case, G is simply the static moment of the flange 
A h 

about the neutral axis, or Substituting this value for G, 

and using the value of I found in Art 4, the formula becomes 




Ah' 

2 16 


th^ 


or, neglecting in the denominator the term — , which is 

16 


very small compared with 


Ak; 




( Ak 
\ 2 
Ah/ 




If the pitch of the flange rivets is then, since the longi- 
tudinal shear per unit of length is j/, the stress K that is 

transmitted by one rivet is pSj!^ or X . In computing 

hg 

rivet pitch, K is the value of one rivet. We have, therefore, 

K = ( 1 ) 

hg 

and p = (2) 

As hg does not materially differ from the distance K 
between the rivet lines in the vertical legs of the flange 
angles, it is the general practice, and one that will be fol- 
lowed in this Course, to replace hg by K in the preceding 
formulas. Those formulas then become 

(3) 

hr 



X L T 33S— 16 
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The distance hy is always less than and so formula 4 
gives a smaller pitch than is actually required; that is, the 
error is on the side of safety. 

Example 1.— At a given section of a plate girder, the maximum 
vertical shear is 72,000 pounds, the distance between the nvet lines of 
the flanges is 27 inches, and the pitch of the flange rivets is 3 inches 
How much stress is transmitted by each nvet? 


Solution. — Substituting the given values in formula 3, 

K = § j <|2,Q00 ^ g QjjQ 


Example 2 —The maximum vertical shear at a given section of a 
plate girder is 160,000 pounds, the value of a flange nvet is 9,600 
pounds, and the vertical distance between the nvet lines of the flanges 
IS 37.6 inches. What is the required pitch of the nvets? 


Solution —To use formula 4, we have V = 160,000 lb , = 37.6 in., 

and K « 9,600 lb Substituting these values in the formula, we have 


P 


9,600 X 37 6 
160,000 


2 4 m. Ans. 


B!XATtfPL:E8 FOB PRACTICE 

1. The maximum vertical shear at a given section of a girder is 

240.000 pounds The width of web is 64 mches, and the thickness is 
inch What is the maximum intensity of sheanng stress? 

Ans 8,667 lb per sq in. 

2. The maximum vertical shear at a given section of a girder is 

100.000 pounds. If the width of web is 36 mches, and the clear 
unsupported distance is 24 inches, what thickness must be used in 

12 000 

order that the intensity of shearing stress shall not exceed — ? 

1-1 z 

^ 3 , 000 /* 

Ans i m. 

3. The maximum vertical shear at a given section of a plate girder 

IS 102,000 pounds; the distance between the nvet hues of the flanges is 
34 inches; and the pitch of the flange nvets is 2 6 inches How much 
stress is transmitted by each nvet? 'Ans 7,500 lb 

4 The maximum vertical shear at a given section of a plate girder 
IB 178,200 pounds; the value of a flange rivet is 10,800 pounds; and the 
vertical distance between the nvet lines of the flanges is 49 6 linches. 
What is the required pitch of rivets? Ans. 3 in. 


I t i 
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GENERAL DESIGN 

14 . Deck and Half-Tlirougli Girder Bridges. — The 
design of a plate girder requires the calculation of the maxi- 
mum shears and moments at several sections along the girder. 

In a half-through plate-girder bridge, the load is applied 
to the girders at the panel points, and it is simply necessary 
to calculate the maximum bending moment at each panel 
point, and the maximum shear in each panel. The bending 
moment may be assumed to vary uniformly between panel 
points, that is, the part of the moment curve between two 
panel points may be assumed to be straight. The shear in 
each panel may be assumed constant between panel points; 
then, the intensity of the shearing stress and the nvet pitch 
will be constant in each panel, but will change at each panel 
point. 

In a deck plate-girder bridge, the load is applied at every 
point throughout the length of the girder, and it is necessary to 
compute the maximum moments and shears at several sections 
along the girder; for convenience, these sections are usually 
taken from 6 to 10 feet apart. From the values so found, 
the intensity of the shearing stress, the rivet pitch, and the 
required flange areas at the different sections are found by 
means of the formulas already given. The values at inter- 
mediate sections can then be found by means of a curve 
similar to the curve of flange areas. 

16 . Girders With. Curved and Inclined Flanges. 
The same formulas are used for girders with curved or 
inclined flanges as for those with parallel flanges. As, how- 
ever, the height of the girder is different at different sections, 
the width of the web A, and the vertical distance hg between 
the centers of gravity of the flanges, must be calculated at 
each section at which the flange area, intensity of shearing 
stress, or rivet pitch is required. The results will be true for 
the horizontal flange, and for all practical purposes near 
enough to the true results for the inclined flange, unless the 
angle between the inclined flange and the horizontal is greater 
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than about 10®. In the latter case, the required area of sec- 
tion of the inclined flange at any section may be found by 

multiplying the area as found by the formula A = — ~ 

(Art. 6) by the secant of the angle between the inclined 
flange and the horizontal. The other values are close enough 
for all practical purposes 

16 . Girders With. Vertical Flange Plates and 
Secondary Flange Angles. — In long girders in which 
the flanges must be very large, it is advisable to make use 
of a modified type of flange in order to avoid having a great 
thickness of flange plates, and consequently an excessive 



Fio 5 


o o o o , 
lo O O O Ql 





grip for the rivets. The modified flange usually has one of 
the forms shown in Fig 5 (a), (^), and (r). In Fig. 6 (a), 
vertical flange plates dy dy each of which has a width about 
twice that of the flange angle, are inserted between the flange 
angles and the web. In Fig. 5 (^), there are, in addition to 
the vertical flange plates, secondary flange angles €y e nveted 
to the flange plates below the mam flange angles. In 
Fig. 5 (r), the secondary flange angles are used and are 
nveted to the web, the vertical flange plates being omitted. 
The secondary flange angles are sometimes placed with the 
outstanding leg below, as shown in full lines, and sometimes 
with it above, as shown by dotted lines in Fig 6 (^) . The 
design of a girder with flanges as represented in Fig 6 makes 
use of no new prmciple; the formulas and methods that have 
been explained in the preceding articles are used. In calcu 
lating the location of the center of gravity of the flange 
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the vertical plates and secondary angles must be taken into 
consideration. 

17. The vertical plates, as well as the main flange angles, 
are continued the entire length of the girder; the secondary 
flange angles are usually stopped where they are no longer 
required. To find the required length of flange members, 
the curve of flange areas is used as represented in Fig. 6. 



then the area of the two vertical flange plates, then that of 
the two main flange angles, then the first flange plate; then 
the secondary flange angles; and then the remaining flange 
plates, in order. 


SPLICBS 

18. Ijeng^ths of Members. — The web and the flange 
members require to be spliced when they are longer than the 
lengths given in Table V. Web-plates are generally made 
as long as possible. Flange plates are made narrower than 
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web-plates, and can be procured in greater lengths; angles also 
can be procured in great lengths, in many cases as long as 
100 feet. Owing to practical difficulties in handling long slen- 
der pieces, however, it is usually specified that all flange mem- 
bers shall be spliced when they are longer than about 70 feet. 


19. Web Splices. — The different portions of which the 
web is composed are made the full height of the girder and 
rectangular, with the ends at right angles to the flanges. 
The ends of two consecutive portions are placed together and 
covered by plates, called splice plates, on each side. These 
plates are riveted to the ends of the portions of the web in the 
manner represented in Fig 7 (a ) , in vrhich A Bis the section at 
which the web is spliced, and the plate CD is one of the splice 
plates. The flange angles assist somewhat in splicing the web, 
but it is customary to ignore their effect, and to design the 
splice on the assumption that the web is spliced entirely by 
the splice plates, and to make the splice as strong as the web. 

If the splice is designed to resist the same bending moment 
as the web, there will be no necessity to calculate the shear 
on the joint, as the joint will always be strong enough in shear. 
The bending moment M that the web can bear, sometimes 
called the resisting moment, is given by the formula 


s X — 

si 16 stk* 

T' 

2 


using for the moment of inertia the approximate value —— 

16 

(see Art. 4). If hr represents the height and tx the com- 
bined thickness of the two splice plates, one on each side of 
si A * 

the web, — represents the combined resisting moment of 

o 


the two splice plates. In order that they may have the same 
resisting moment as the web, we must have 
^ tx hx _ sth^ ^ 

8 ” 8 ’ 



whence 
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By means of this formula, the required thickness of the 
splice plates can be found. It is seldom necessary, however, 
to compute the required thickness; it is generally specified 
that each plate shall have a sectional area at least 75 per 
cent, that of the web, m which case there is invariably 
sufficient section. 


20. Resisting Moment of Web-Spllce Rivets. — The 
stress in the web is transmitted to the splice plates by ver- 
tical rows of rivets. In Fig. 7 {a), two vertical rows trans- 
mit the stress to the splice plates on one side of the splice. 


A 



and two rows transmit the stress from the splice plates on 
the other side The rivets on each side of the splice must 
have the same resisting moment as the web. The intensity 
of stress due to bending vanes uniformly as the distance 
from the neutral axis; in like manner the 
trammitted by a rivet varies as its distance from tbe neuMl 
S befar /reatest for .be rive. 

neutral axis is greatest, as represented in Fig. J i 

represents the stress on one outside rivet, a distance . 

from the neutral axis, then A'. = represents the 

etress on any other rivet at a distance from the neutral 
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axis The resisting moment of a rivet is the product of the 
stress on the rivet and its distance from the neutral axis, as 
Kx ri, r,, etc. Expressing the stress on each rivet m 
terms of the resisting moments of the rivets are 

Kn = = etc. 

n ro To u 

Therefore, for the combined resisting moment Mr of all 
the nvets on one side of the splice, we have 




. . = — (ro*+ r,*+ . . .) 

ro ro ^0 ro 

or, denoting by -T r' the sura + ^** + • . • of the 

squares of the distances ro, ri, r*, etc., 


Mr = —Ir^ ( 1 ) 

ro 

It should be clearly understood that, in applying this 
formula, the distance of every nvet from the neutral axis 
should be squared, and the results added. When several 
rivets are at the same distance from the neutral axis, as is 
the case when nvets are arranged m horizontal rows, or 
when some rivets are as far above as others are below the 
neutral axis, the work is much simplified by squaring that 
distance and multiplying the result by the number of rivets 
to which the distance is common. Thus, in Fig. 7 («), each 
distance, as r,, is common to four rivets, two above and two 
below the neutral axis. In this case, 

2 7^ = 4 (ro* + Tx + r,“ + . . .) 

In order that the splice rivets may have sufficient strength, 
the value of Mr must be at least as great as the resisting 
moment of the web, and K must not exceed the value of the 
outside rivet. We must, therefore, have 

= ( 2 ) 

ro 8 


In applying this formula, it is customary to assume first a 
spacing of nvets and calculate their resisting moment. If 
the value is not sufficient, more rivets are added, either by 
spacing the rivets closer together, or by adding another 
row outside of the first two. For this purpose, the arrange- 
ment represented in Fig. 8 is frequently employed, the 


§76 


DESIGN OF PLATE GIRDERS 


23 


advantage being that most of the rivets are near the flanges, 
where the value of the resisting moment is greatest. The 
thickness of these plates may be 
found by means of the formula 

/. = if X ~ (Art 19), substi- 

h' 

tuting for the sum of the 
heights of the three portions of 
the splice plate; the thickness on 
each side, however, is usually 
made about 75 per cent, of that 
of the web. 

Example —If the plate girder 
represented in Fig 8 has a web 
72 m X a hi , spliced with |-inch 
rivets and splice plates as shown, 
what is {a) the required thickness 
of splice plates on each side? (A) the 
resisting moment of the rivets on each side of the splice, assuming 
the value of a rivet to be 9,600 pounds? 

Solution —(a) As the splice plates are made up of three parts on 
each Bide of the web, the value of K is 14 + 31^ + 14 = 69 6 in 
Then, since / is 6 and h is 72 in., 

A = .6 X 5 ^-^ = B X 1 46 = .73 in. 

for both sides, or 73 - 2 = 365 m (say f in ) for each side. Ans. 

(4) The distances of the rivets from the neutral axis are 2, 6, 10, 
14, H'J, 21, 24^, and 28 in., respectively. There are four rivets at each 
of' the 'first four distances, and eight rivets at each of the last four. 
To apply formula 1 , we have A' = 9,600 lb , r = 28 in , and 

= 4 X (2* + 6" + 10* + 14‘) + 8 X (17 6* + 21* + 24 6* + 28*) = 18,396 

^Therefore 

Mr = X 18,396 = 6,307,200 in.-lb. Ans 

21. Flange-Angle Splices.— Flange angles are spliced 
by riveting angles to them, as represented in Fig. 9. In 
this figure, (a) is the elevation of a portion of the bottom 
flange* (d) is the cross-section at and (f) is the plan of 
the flange and a cross-section at C C. The angles d are the 
flange angles, the angles e are the splice angles, and the line / 
is the section at which the flange angle is spliced. Practice 
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varies as to the method of designing a flange-angle splice. 
Some engineers use one splice angle riveted to the flange 
angle that is spliced; this is open to the objection that the 
splice angle must be very long in order to get sufficient 
rivets to develop the stress, and therefore interferes with 
other details, such as stiffeners. Others use two angles, as 
in Pig. 9, and assume that the stress in the flange angle is 
equally divided between the two. On account of the fact 
that the angle on the side opposite the splice gets its stress 
through the web and the other flange angle, it is probable 
that the angle in contact with the flange angle that is spliced 




o o o 
« o o o 


f Q O 

o o 




d d 

( ) 







gets somewhat more than one-half the stress. The assump- 
tion most frequently made is that the splice angle in contact 
with the flange angle that is spliced takes three-quarters of 
the stress; this angle is designed on this basis to have a 
cross-section three-quarters that of the flange angle, and 
made long enough to get sufficient rivets on each side of the 
splice to transmit three-quarters of the stress. The othei 
splice angle is then made the same size and length. If Fa is 
the area of section (net area for tension, gross area for com- 
pression) of one flange angle, then the area F/ of section of 
each splice angle is given by the formula 
Fa' =.75 Fa ( 1 ) 
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If s IS the allowable intensity of bending* stress, the total 
stress in the flange angle is and m the splice angle, 
.75 F^s. The number n of rivets in the splice angle on each 
side of the splice is given by the formula 


n 


.75 Fas 
K 


( 2 ) 


in which K is the value of one rivet. Splice angles are cut 
from angles having legs the same width as the flange angles, 
so that the edges of splice and flange angles will be even, 
and not as shown by dotted lines in Fig. 9 {b). The area of 
cross-section of such an angle can be found by deducting 
from the area given in Tables IX and X for the original 
angle the amount that is sheared off. 


Examplb — The flange angles in the tension flange of a plate gir- 
der are 6 in. X 6 in Xi m., and the allowable intensity of stress is 
16,000 pounds per square inch The diameter of the rivets is i inch, 
(rt) What size of splice angle must be used if the angle is spliced as 
represented in Fig 9? (^) If the value of one rivet is 6,000 pounds, 

how many rivets are required on each side of the splice? 

Solution —(a) The area of a 6" X 6" X angle is 6 76 sq m. 
As we are considering the tension flange, the net section is required, 
as there are two rivet holes in each section, and the area of a hole for 
a -l-inch rivet is 6 sq. In , as given in Table XXVII, the net section 
is 6 76 — 2 X .6 = 4 75 sq in, (= Fa) The required net area Fa' of 
one splice angle is, then, by formula 1, 76 X 4.76 = 3 56 sq. in As 
the flange angle la in. thick, -J- in must be sheared off each leg of 
each splice angle The thinnest 6" X 6" angle, which is |- in, thick, 
will be tned first The area of this angle, as given in Table IX, is 
4.36 sq. in , if -Jj- in. is cut from each leg, the area is reduced by 
2 X .6 X 376 =* .37 sq. in , nearly As there are two holes in each angle, 
the area will be still further reduced by 2 X 376 — .76 sq. in. Then, 
the net area of one angle S-J- in. X 5^ in. X f m. will be 4.36 — .37 — 76 
=3 8,24 sq. m. As 3 66 sq. in Is required, this is not enough. The 
next size, 6 in X 6 in. X tV i the gross area of which is 5 06 sq. in , 
will be tried If -J in Is sheared from each leg, the area is reduced 
by 2 X 6 X .44 =a 44 sq in The two nvet holes still further reduce 
the section by 2 X 44 = .88 sq in Then, the net area of one angle 
S-J- in. X 6-i- in X A in. is 6.06 — .88 - .44 = 3 74 sq. in , which is 
sufficient. Ana. 

(6) The total stress in one flange angle is 4 76 X 16,000 = 76,000 lb , 
and the portion to be transmitted by the rivets is three-fourths of this, 
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or 67 000 lb Then, the required number of rivets is 57,000 - 6,000 
= 11 4, or, say, 12 rivets on each side of the splice. 

22. Flange-Plate Splices. — Flange plates are spliced 
either by additional plates, or by continuing the outer plates 
beyond their theoretical ends a sufficient distance to splice 
the plates below them. The plates nearest the flange angles 
are the longest, and are the ones that require to be spliced. 

23. Additional Splice Plates. — In the first method of 
splicing, the joint m the plate that is to be spliced is usually 



located somewhere near the center of the girder, as repre- 
sented at y, Fig. 10, and a splice plate ^ of the same thick- 
ness as the flange plate is riveted to the outside of the flange. 
The splice plate is made long enough to contain sufficient 
rivets on each side of the joint to properly transmit the 
stress from one part of the flange plate to the other. The 
number of rivets that is required to transmit the stress to or 
from the splice plate can be found by dividing the stress by 
the value of one nvet, the latter will usually be the value in 
smgle shear. When, as in Fig, 10, there are intermediate 
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55 76 

plates between the splice plate and the plate that is spliced, 
there is some uncertainty as to how the stress is earned 
around the joint; to provide for this, the number of iivets m 
the splice plate is increased as specified in Arts. 61 and 134 
of B, S, In the present case, since there are three interme- 
diate plates, the number of rivets will be increased 3 X 20 
= 60 per cent. Any flange plate may be spliced in the 
same way. 

24. Continuing^ Outex’ Plates. — In the second method 
of splicing, the location of the joint in the plate that is to be 
spliced is found by means of the curve of flange areas. In 
Fig 10, the curve of flange areas and one-half of the flange 
are laid out to the same horizontal scale, the points d, c, 
and b are the theoretical ends of the three outside flange 
plates, and it is desired to splice the first flange plate. The 
ordinate OP represents the flange area as found by the 

formula = —(Art. 6), and (9 /represents the actual area 
s hg 

of flange. From /, IE is laid off to scale to represent the 
area of the plate that is to be spliced, the line EE is drawn 
parallel to X'OX to its intersection E' with the curve, and 
the line E^ e is drawn perpendicular to X^ OX, Then, E^ 
represents the entire area of flange, exclusive of the plate a; 
that is, if all the plates are carried beyond e, the first plate a 
can be spliced at that section. For this purpose, the outer 
plate, instead of being stopped at d, is earned beyond <?, as 
represented by the dotted lines. As there is no stress in the 
first flange plate a at the section e, and there is full stress in 
the outer plate d^ it remains to find how many rivets must 
be contained in the plate d beyond <?, in order to transmit its 
stress to a) this is found by dividing the stress in the out- 
side plate by the value of one rivet in single shear. In the 
present case, as there are two plates between d and a, the 
required number of rivets will be 2 X 20 = 40 per cent, 
greater than the theoretical number. The plate d will be 
continued to a point the distance e d^ being made such 
that there will be sufficient room for the required number 
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of rivets. In a similar manner, any flange plate may be 
spliced. 

It will seldom be found necessary to splice any flange 
plate at more than one section, nor more than two plates in 
any flange. When two plates must be spliced, the first plate 
can be spliced atone end of the girder, as at Fig. 10, and 
the second plate at a corresponding point on the other side 
of the center. 

Exampus.— L et Fig 10 represent the top flange of a plate girder 
m which the allowable intensity of stress is 18,000 pounds per square 
inch and the sizes of the plates are as follows a, 16 in, X a 1*^*? 
b, 18 in X i in , 16 in X in ; and d, 16 in X f m (a) If it is 

desired to splice plate a at section y, what is the required size of the 
spUce plate £'? (b) If the value of one nvet in single shear is 6,600 

pounds, how many nvets must be included in plate g"? (^) If it is 

desired to splice plate a at section how many rivets must be included 
in plate d between e and rf', assuming the value of one nvet to be 
6,600 pounds? 

Solution — {a) As platen is an additional splice plate, it must be the 
same size as the plate that is to be spliced, that is, 16 m X -J- m. Ans 
(^) The area of cross-section of plate ^ is 8 sq in , and, since the 
intensity of stress is 16,000 lb per sq in , the stress in plate ^ is 
8 X 16,000 = 128,000 lb As the value of one nvet in single shear 
is 6,600 lb , the number of nvets required to transmit this stress to 
plate g IS 128,000 — 6,600 = 19 4 Since there are three intermediate 
plates between g and a, the number must be increased 3 X 20 = 60 
per cent. Then, the total number of nvets required on each side oij is 
19 4 -1- X 19 4 = 31 

As the flange nvets in the plates are dnven in pairs, it is necessary 
to have 32 nvets Ans 

{c) The area of cross-section of plate flf is 16 in X i in. = 6 sq. in.; 
and, since the intensity of stress is 16,000 lb. per sq. in., the stress in 
plate IS 6 X 16,000 = 96,000 lb. As the value of one nvet is 6,600 lb., 
the number of nvets required to transmit the stress to the plate d is 
96,000 6,600 = 14 6 nvets Since there are two intermediate plates 

between d and a, the number must be increased 2 X 20 = 40 per cent. 
Then, the total number of nvets required in plate d between rf' and e is 
145 + 1^X146 = 203 

As this IS so close to 20, 20 rivets will be sufiBcient, although it is 
better to use 22 Ans 

25. Splices In Secondary Flange Angles and Verti- 
cal Flange Plates. — Secondary flange angles are usually 
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Pig 11 


Spliced, as represented in Pig. 11, by m 
angle riveted to the 
inside of the flange 
angle and a splice 
plate having a width 
about the same as 
that of the flange 
angle, riveted to the 
back of the latter. 

The area of the splice 
angle is made about 
75 per cent, and that 
of the splice plate 
about 26 per cent, that of the flange angle, the area of the 

two together being 
not less than the area 
of the flange angle. 

Vertical flange 
plates are spliced, 
as represented in 
Fig. 12, by means of 
one vertical splice 
plate riveted to the 
vertical legs of the 
flange angles on the 
same side of the web 
as the vertical plate that is spliced. The area of the splice 
plate IS made not less than that of the flange plate. 
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EXAMPLES EOB FBAOTICE 

1. What is the resisting moment of a 1^' web, if the maximum 
intensity of the bending stress is 16,000 pounds per square inch? 

Ans 1,620,000 in.-lb. 

2. If the web represented in Fig. 7 is 70 inches wide and inch 
thick, what is the required thickness of splice plate on each side, assu- 
ming the height to be 57.6 Inches? Ans. in. thick on each side 

3. If the rivets in Fig. 7 are spaced as shown at the left-hand side, 

and the value of one rivet is 10,800 pounds, what is the resisting 
moment of the rivets in the splice? Ans. 3,849,600 in.-lb. 


t k i 
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4. The flange angles m the compression flange of a plate girder are 
8 in X 8 in X -f in , and the allowable intensity of stress is 10,000 
pounds per square inch (a) What size of splice angle must be used? 
(d) If the value of one nvet is 0,600 pounds, how many rivets are 
required in the splice angle? 

Ans I ^ angles, 8 m X 8 in X | m , cut to7i In X 7^ in X | m 
\{d) 22 rivets on each side of the joint 

6 (a) If the vertical flange plate in Fig 12 is 16 inches wide and 

i inch thick, and the splice plate is 13 Inches wide, what is the required 
thickness of the latter? {6) If the allowable intensity of stress is 16,000 
pounds per square inch, and the value of one rivet is 0,600 pounds, 
how many rivets are required in the splice plate? 

J(a) |m thick 

* I (^) 18 or 20 rivets on each side of the joint 


BEARINGS 

26. size of Bedplates. — The end of a girder, where 
the girder rests on the masonry or other support, must be 
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bearing, if the girder rests on masonry, is found by dividing 
the maximum reaction by the allowable intensity of bearing on 
the masonry. For example, if the reaction is 200,000 pounds, 
and the allowable intensity of bearing is 600 pounds per 
square inch, the required area of bearing is 200,000 -r- 600 
= 400 square inches. Bedplates are usually made rect- 
angular and very nearly square; in the present case, each will 
need to be about ViOO = 20 inches 
on each side. 

27. Knd Stiffeners. — The 
ends of plate girders are stiffened 
by stiffeners at each end of the bed- 
plates. The arrangements usually 
employed are represented in Figs 13, 

14, and 16, in which c are the stif- 
feners, the sole plates, and <?, the 
bedplates The arrangement rep- 
resented in Fig. 13 is most used, 
although that shown in Fig. 14 is 
somewhat better on account of the 
fact that m it the bearing of the 
stiffeners is not so close to the 
edge of the bedplate; the pressure 
IS therefore more evenly distributed 
over the area of the bedplate. In 
the arrangement represented in 
Fig. 16, the additional stiffeners d 
are added The plates g are called p'jg- ^ 

reinforcing plates, and are added to distribute the stress 
more evenly over the web. 

28. Distribution of Reaction. — The reaction is 
assumed to be equally divided among the end stifEeners, 
and evenly distributed over the area of the outstanding legs 
of the stiffeners where they bear on the upper side of the 
lower flange angle. The length of the portion of a stiffener 
m contact with the lower flange angle is usuady about i inch 
less than the nominal width of the outstanding leg. If is 
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the thickness of a stifiEener angle, the nominal width of the 
outstanding leg, and st^ the allowable intensity of bearing on 
the end of a stifEener, the stress that one stiffener can resist 
is V [b — ^)sb. If R IS the reaction and ?i the number of end 
stiffeners, the amount of pressure that is transmitted by 

each stiffener is — , and, in order that the stiffener may be 
n 

sufficiently strong, the following equation must be satisfied: 

n 

Prom this equation, we have 

- R -- 

n si,{b — i)’ 

from which the required thickness of the stiffeners can be 
found. The nominal width of leg is controlled by Arts. 55 
and 128 of £. S. 


29# Rivets and Stiffeners. — The stress in each stif- 
fener is transmitted to the web by means of rivets. The 
required number of rivets in a stiffener can be found by 


dividing the stress in one stiffener 



by the value of a 


met in single shear, or m bearing on the angle, or, since 
the same rivets connect two opposite angles, by dividing the 

stress in two stiffeners by the value of a rivet in double 


shear, in bearing on two angles, or in bearing on the web, 
whichever is least. In practice, it is considered advisable 
to transmit the greater part of the stress in the stiffeners to 
the web below the neutral axis. When it is impossible to 
get sufficient rivets below the neutral axis m four stiffeners, 
as m Figs, 13 and 14, more stiffeners are used, as in Fig. 16. 


30* Crimped Stiffeners. — Stiffeners are sometimes 
placed in contact with the web, and the ends crina.ped; that 
is, bent out around the vertical legs of the flange angles, as 
represented in Fig. 13 (c). This arrangement is open to the 
objection that it is difficult to bend the angles so they will bear 
evenly on the flange angle, especially on the outstanding leg. 
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31. Loose Fillers. — The best practice at the present 
time is to make the stiffener angles straight from top to 
bottom, and fill in the space between them and the web by 
means of bars the same width as the adjacent leg of the 
stiffener and the same thickness as the flange angles, as 
represented in Figs. 13 and 14. These bars are called loose 
fillers; they simply serve to fill the space between the angle 
and the web. The number of nvets required to connect the 
stiffener to the web must be increased 20 per cent, when this 
form of filler is used. 

32. Reinforcing Plates or Tlglit Fillers. — The fitter 
under the stiffeners in Fig. 16 is continued under all the 
angles, and riveted to the web by rivets located outside of 
the stiffeners. The filler is then called a tiglxt filler, or 
reinforcing plate; it distnbutes the stress over the area 
of the web. Such a plate is not to be considered an inter- 
mediate plate, but rather a part of the web, as it is firmly 
riveted to it, and in calculating the bearing value of the 
rivet on the web the thickness of these plates must be 
included. 

Escamplb 1. — The maximum reaction at the end of the plate girder 
represented in Fig 13 is 136,000 pounds {a) If the stiffeners are 
6 in. X 3j in,, and the allowable intensity of bearing is 18,000 pounds 
per square inch, what is the required thickness of the stiffener angles? 
(d) If the value of one rivet in single shear is 0,600 pounds, m bearing 
on the web, 10,800 pounds, and m bearing on each stiffener angle, 
8,400 pounds, how many rivets are required to connect the stiffeners 
to the web? 

Solution. — {a) The required thickness of stiffeners can be found 
by the formula in Art. 28, 

nst{6- i) 

In the present case, /! = 136,000, « = 4, <= 18,000, and 6 = 6. 

Substituting these values in the formula gives 

“ 4Xiyx4.6 = 

(6) The rivets that connect the stiffeners to the web are in single 
shear on each side of the web, and in bearing on the stiffener 

angle. Considering first the stress in one angle, the value in single 
shw is evidently less than the value in bearing on the -^-inch angle. 


i ^ , 

" t f 
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The stress m each stiffener is 136,000 — 4 = 33,760 lb , and the required 
number of rivets is 33,750 6,600 = 6 1 

Considenng now the stress in two angles, the rivets are in double 
shear at 2 X 6,600 = 13,200 lb ; in bearing on two -j^-inch angles, at 
2 X 8,400 = 16,800 lb ; and in beanng on the web, at 10,800 lb The 
latter value being the smallest, and' the stress m two stiffeners being 

136.000 -r 2 = 67,600 lb , the required number of nvets is 67,500 — 10,800 
= 6 26 This number is larger than that first found, and must be 
used As there are loose fillers (see Art 31), the actual number 
required is 

6.26 + X 6 26 = 7.6, say, 8 rivets Ans. 

Example 2 — The maximum reaction at the end of the plate girder 
represented m Fig 16 is 230,000 pounds, the thickness of web is 
J mch, and the thickness of the flange angles is f inch Using the 
working stresses given in Art 29 of ^ 5 , it is desired to find {a) the 
required thickness of stiffeners, if the outstanding leg is 6 Inches wide, 
(d) the number of rivets required to connect the stiffeners to the web, if 
J-inch nvets are used 

Solution —(a) In Art 29 of B . S , the allowable intensity of 
beanng on the ends of stiffeners is given as 18,000 lb per sq. in 
Then, since B = 230,000, « = 8, and ^ = 6, we have, applying the 
formula m Art 28, 

„ 230,000 

' “ 8X 18.000 X 4 6 “ ^ 

(d) Considenng a single stiffener, the value m beanng on a 
f-mch angle, as given in Table XL, is 7,220 lb , and in single shear, 
6,600 lb The latter is the smaller The stress in one stiffener is 

230.000 — 8 = 28,760 lb , and the required number of rivets is 
28,760 - 6,600 = 4 4 

Taking two stiffeners, it is necessary to consider the value of the 
nvet in double shear at 13,230 lb , in bearing on two stiffeners at 
14,440 lb , and m beanng on the combined thickness of web and two 
reinforcing plates 1-J- m The last is evidently greater than either 
of the other two values, the value in double shear is the smallest, 
and must be used Since the stress in two stiffeners is twice that m 
one, and the value in double shear Is twice that in single shear, the 
number of nvets will be the same as in the first case considered, that 
is, 4 4, or, say, 6 nvets in each stiffener Ans. 

33. Rocker Bearings. — The ends of spans over 76 feet 
in length are supported on rockers and supplied at one end 
with rollers, as explained in Members and Details, 

When it IS necessary, on account of high water, to keep 
the bridge seat close to the bottom of the girders, the 
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arrangement represented in Fig 16 is used. The outstand- 
ing legs of the lower flange angles are cut away for a short 
distance at each end to allow the lower flange to enter 
between the vertical plates of a pedestal The web of the 
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girder is reinforced at the end, and a pin is passed through 
the pedestal and web; the pin should never be less than 
6 inches in diameter. The design of the pin, pin plates, and 
pedestal is made by the same general principles that apply 
to pin-connected trusses, as explained in another Section. 


EXAMPLES FOB PRACTICE 

1 If the maximum reaction at the end of the plate girder repre- 
sented in Fig. 13 is 167,000 pounds, stiffeners 6 in. X 3i in , and 
allowable intensity of bearing 18,000 pounds per square inch, what is 
the required thickness of the stiffener angles? Ans -J” in 

2. If in example 1 the value of a rivec in single shear is 6,600 
pounds, and m bearing on the web 16,000 pounds, how many rivets 
must be used in each stiffener to transmit the stress to .he web? 

Ans 8 rivets 

8 If the maximum reaction at the end of the plate girder repre- 
sented in Fig. 16 is 276,000 pounds, stiffeners 6 in. X S-J- in , and 
allowable intensity of bearing 18,000 pounds per square inch, what ts 
the required thickness of the stiffener angles? Ans. ^ in 
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DESIGN OF AN I-BEAM HIGHWAY 
BBIDGE 

!• Introduction. — In this and in the following: Sections 
will be gfiven complete designs of several classes and types of 
bridges. The designs will be made according to the rules 
given in Bridge Specifications (a title that, for convenience, 
will be abbreviated to B, 5.). These examples will famil- 
iarize the student with the principles involved and the 
methods used, which he can without any difficulty extend to 
forms and conditions not specifically covered in the present 
instruction. 

2. Data. — As a first example, an I-beam highway bridge 
will be designed from the data given in the data slieet on 
page 4. The words in Italics are supposed to have been 
written to fill out the general form, which contains only the 
words printed in Roman type (see B, 5., Art. 226). 

3. Determination of Span. — It is first necessary to 
determine the location of the abutments. According to B. 5., 
Art. 18, no part of a bridge should be less than 7 feet from 
the center line of the nearest track, nor less than 22 feet 
above the base of the rail. This condition applies also to 
abutments and underneath clearance lines for overhead 
bridges. As the faces of abutments are usually rough and 
extend somewhat beyond the neat lines, it is well to locate 
the neat lines at the base of the rail 7 feet 6 inches from the 

flOnillOHTEO BY rWTBOOK OOMFAHT, AU. niQHTB NBaBItVn 
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of i + J = 1 inch for every foot above the base of the rail, 
as far as the bottom of the bridge seat or coping. Bridge 
seat stones are usually made fiom 12 inches thick for short 
spans to 24 inches, and in some cases more, for long spans. 
In the present case, a thickness of 16 inches will be sufficient. 
Allowing 1 inch for the thickness of the sole plate and 1 inch 
for the bedplate makes the distance from the underneath 
clearance line (the bottom of the I beam) to the bottom of 
the bridge seat 16 + 1 + 1 = 18 inches, and the distance 
from the base of the rail to the bottom of the bridge seat 
22 feet — 1 foot 6 inches = 20 feet 6 inches. Then, as the 
distance between the abutments increases 1 inch for each 
foot, it will increase 20i inches, or 1 foot inches, in 
20 feet 6 inches, and the distance between the neat lines 
under the bridge seat will be 28 feet + 1 foot inches 
= 29 feet inches, as represented in Fig. 1, which is the 
brldgce-seat plan, that is, the drawing of the bridge seat. 
[It will be noticed that here the word pia?i is used in the 
sense of drawing or drawi7igs^ not in the sense of a top 
view. In reality, the drawings in Fig. 1 show both a top 
view {a) and a cross-section (^).] 

4. For a span of this length, the edge of the bedplate 
should not come closer than 3 or 4 inches to the neat line, 
and should not be set much farther back than this, as it 
lengthens the span. In the present case, it will be set 
4i inches back at each abutment, making the clear distance 
between bedplates 29 feet 8i inches + 4i inches + 4i inches 
= 80 feet 6 inches. Bedplates are seldom made less than 
12 inches in length; this is long enough for this span, and 
makes the total length of I beams 80 feet 6 inches + 1 foot 
-h 1 foot = 32 feet 6 inches, and the distance center to 
center of bedplates (the span) 31 feet 6 inches, or 378 inches. 
The parapets are usually set 3 inches from the ends of the 
beams; that makes them, m this case, 33 feet apart. 

6, Depth, andl Spacing of Beams. — As this span is less 
than 86 feet, rolled beams will be used. According to B. S., 
Art. 92, they cannot be less than 378 30 = 12.6 inches in 
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GSNBBAL DATA 

For bridge nv^r Dtlaware^ Lackawannay & Western Railroad 
Elmhursiy Pennsylvania 

Length and general dimensions 71? span two tracks IS fe ^ — 

center to center 


Skew or angle of abutments with center line of bridge 

Width of bridge and location of trusses 
No trusses 


Floor syqtp.m layer of 3~inch oak plank on nailing' pieces 
and steel beams 


Number and location of tracks 

Loadino- 98 {3) Bridge Specihcations 


Loading \6) iisrtage c^pecittcations 

Description of ahntmftnfg Cement-concrete abutments 
Distance from floor to clearance line than 3 ieet 

C( M << i* t.* J. 

high water 

• < «l !•> <( i , 

low water 

<< <C If 1C • t- 

river bottom 

Character of river bottom 

Usual season for floods 

Name of nearest railroad station Elmhursiy Pennsylvania^ 
D,y L, and W. R, R, 


Distance to nearest railroad station ^ mtles 

Time limit g months from date oi award of contract 

Name of Engineer Tniemational Textbook Company 

Address of Engineer Scranton^ Pennsylvania 

RemarVa To have a tight hoard fence at each side at least 5 feet 
6 inches above the top of the floor 
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depth. Table XIV* shows that the next depth of beam is 
15 inches. In finding the spacing of beams, it is first neces 
sary to determine the distance between the outside beams. 
In the present case, a roadway of 20 feet between wheel- 
guards is required; the fence will be placed 6 inches outside 
of the inner edges of the wheel-guards; then, the clear dis- 
tance between the fences will be 21 feet. 
A tight board fence is specified to prevent 
injury to the traffic from cinders and 
sparks from the locomotives that will pass 
underneath. 

Fig. 2 shows the cross-section of a good 
style of fence and connection to the beams; 
the posts are placed 6 or 6 feet apart. The 
outside beam is usually a channel, prefer- 









A/f St/" ^ 




cutskte 


Piq.2 


ably of the same depth as the I beams. To assist in keeping 
the fence in place and preventing it from being blown over, 
the channel may be connected to the next beam, at intervals of 
about 10 feet, by means of the diaphragm shown in Fig. 2. 

*A11 tables referred to in this Section are found in Bridge Tables ^ 
unless otherwise stated. 
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This may be made of the lightest material allowed — m this 
case, as the bridge is over a railroad, f inch thick (B. S., 
Art. 112). With the arrangement represented m Fig. 2, 
the face of the channel is Si inches outside of the edge of 
the wheel-guard, making the channels 20 feet + inches 
+ 8a inches = 21 feet 6 inches from face to face. As there 
will be one layer of floor planks 3 inches thick, the beams 
cannot be more than 3 feet center to center {B. S , Art. 123). 
Five spaces at 3 feet makes 15 feet, leaving 21 feet 6 inches 
— 16 feet = 6 feet 5 inches, to be made up in the sides of the 
bndge. This requires the face of each channel to be placed 
one-half of 6 feet 5 inches, or 3 feet 2i inches, from the center 
of the first beam; if a spiking piece 4 inches wide is used on 
the channel, its center will be just 3 feet from the center of the 
next beam. This spacing of beams will satisfy all conditions. 

6. Live Load. — According to B. 5., Arts. 98 (3) and 
110, the live load should be eii/ier 80 pounds per square 
foot or a steam road roller acting on each beam as two 
concentrated loads of 6,000 pounds, 11 feet apart. For 
the former, as the beams are 3 feet apart, the load per 
linear foot is 3 X 80 = 240 pounds The maximum bending 
moment occurs at the center, and, as the span is 31.6 feet, is 
24 0 X 31 . 5 J < 3 1_5 ^ 39,770 foot-pounds 

O 

The maximum bending moment due to the two concentrated 
loads occurs under one of the loads when that load and the 
center of gravity of the two loads are equidistant from the 
center of the beam, and, as explained in Stresses zn Bndge 

Trusses, Part 4, is equal to — ^ = 63,660 foot- 

31,5 

pounds at 2 75 feet from the center of the span. As the 
bendmg moment due to the road roller is the greater, it is 
unnecessary to further consider that due to the uniform load. 
The shear will not be considered in this example, as it has 
been found in practice that, in all ordinary cases m bridge 
work, an I beam or channel that is strong enough to resist 
the bending moment is also strong enough to resist- the shear 
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The bending moment on the channel may be taken equal to 
one-half that on the I beams, or 53,650 -r- 2 = 26,820 foot- 
pounds, as the load on the channel is practically one-half the 
load on the beam. 

7. Dead Doad. — As 4.6 pounds per board foot, the 
weight stated in B, S., Art. 97, is rather high for the timber 
used in bridge floors, we shall assume it to include the 
weight of the spikes that hold the floor down, and the bolts 
that hold the spiking pieces to the beams. As the floor 
plank IS 3 inches thick, its weight is 3 X 4.5 = 13 5 pounds 
per square foot, or, since the beams are 3 feet apart, 
3 X 13.6 •= 40 5 pound per linear foot of beam. The 
floor plank will be fastened down by spiking it to wooden 
nailing pieces 2 to 6 inches thick that are bolted to the tops 
of the I beams (see B, 5., Art. 122). In order to prevent 
water from standing on the floor, as it would do if the floor 
were level, it is customary to make the floor a little higher 
at the center of the span than at the ends, this is done by 
varying the depth of the nailing pieces. In the present case, 
the nailing pieces will be made 2 inches deep at the ends of 
the span and 4 inches deep at the center. As the top of the 
nailing piece will be curved, its average depth will be about 
3a inches. Its width should be at least equal to the flange 
of the beam; it will be assumed that 6 inches is sufficient. 
The average cross-section is then 3i in. X 6 in., equivalent 
to 1| board feet; this makes the weight per linear foot 
1.76 X 4.6 = 7,9 pounds. The total weight of timber sup- 
ported by each beam is, then, very nearly 40.5 + 7.9 = 48.4 
pounds per linear foot. As the maximum bending moment 
due to the live load occurs 2.76 feet from the center, or 13 
feet from the end of the span, it is necessary to find the 
dead-load bending moment at that point For the floor 
plank and nailing pieces, it is 

48.4 X 81.5 X 18 - (48.4 X 18) X ¥ = 6,820 foot-pounds 
2 

for each beam, and approximately one-half of this, or 
2,910 foot-pounds, for each channel. 
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8. There is still to be considered the bending moment 
due to the weight of the diaphragms represented in Fig. 2. 
The distance from the center of the 1 beam to the back of 
the channel is 3 feet 2i inches; the diaphragm will be about 
3 feet li inches long, and, if 16-inch beams are used, about 
12 inches deep. Then, as the weight of a 12" X t'' plate is 
16.3 pounds per linear foot, the weight of 3 feet li inches 
is 16.3 X 3 126 = 47.8 pounds The total length of angle 
IS 3 feet la inches + 3 feet 1^ inches + 12 inches + 12 inches 
= 8 feet 3 inches, or 8.26 feet. As the weight of a 2j" X 2i^' 
X angle is 6.9 pounds per linear foot, the total weight of 
angles is 6.9 X 8.25 = 48.7 pounds. In Fig. 2, it may be seen 
that there are thirty f-inch rivets in one diaphragm, and the 



weight of their heads must be found. Table XXI gives 
8,5 pounds for the weight of one hundred nvet heads for 
f-mch rivets; then, the weight of sixty rivet heads will be 
X 8.5 = 6.10 pounds. The weight of one diaphragm is, 
therefore, 47.8 + 48.7 + 6.1 = 101.6 pounds. Using four 
of these placed symmetrically on the span at distances of 
about 10 feet, as shown m Fig. 3, the bending moment on 
the I beam and on the channel due to them is, since half of 
each goes to one beam, 

101.6 X 10.76 - X 10 = 680 foot-pounds 

The bending moments due to the weight of the beams and 
channels cannot be found imtil their weights are known. It 
is well to assume some value, however, and, if necessary, 
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correct it later An experienced designer will come very- 
close the first time. It has been shown that the depth 
cannot be less than 16 inches; we shall use the weight of 
the lightest 15-inch beam and channel, 42 and 33 pounds per 
linear foot, respectively, as given in Tables XIII and XIV. 
For the I beams, the bending moment at the point of maxi- 
mum moment, 2.75 feet from the center, is 

- X 13 - (42 X 13) X ¥ = 6.060 foot-pounds 

And for the channel, 

X 13 - (33 X 13) X ¥ = 3,970 foot-pounds 
A 

The guard timber and fence will be found to weigh very 
nearly 45 pounds per linear foot, and, as this weight is 
almost all carried by the channel, the moment on the channel 
due to it is 

X 13 - 45 X 13 X ¥ = 6,410 foot-pounds 

The total maximum bending moment on an I beam is, 
then, 63,660 + 6,820 + 680 + 6,060 « 66,100 foot-pounds, or 
781,200 inch-pounds. 

The total maximum bending moment on a channel is 
26,820 -f 2,910 4- 680 + 8,970 + 6,410 = 89,690 foot-pounds, 
or 476,800 inch-pounds. 

9. Allowable Working Stress. — The allowable inten- 
sity of stress given in Art. 108, for the compression 

flange Is 20,000 — 200 X It is not considered good prac- 

w 

tice to assume that a wooden floor gives lateral support 
to the top flanges of the I beams; so, if no bracing is 
placed between the beams, the unsupported length will be 
81.6 X 12 =a 878 inches. Suppose that a 16-inch beam were 
used, then, as the flange Is about 5.5 inches wide, the ratio 
I 878 

— would be = 68.7, and the allowable intensity of stress 

w 6.6 

would be 20,000 — 200 X 68.7 = 6,260 pounds per square 
inch. If, however, small stmts are placed between the 
beams near the top flanges, in the same relative positions 
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as the diaphragms already referred to, the unsupported 
lengths may be taken as 10 feet, or 120 inches, and the 
allowable intensity of stress for the I beam will then be 

20,000 - 200 X ^ = 16,640 pounds 
0.5 

In general, when the ratio — exceeds 40, the top flanges 

w 

should be supported laterally. 

As the bending moment is 781,200 inch-pounds, the 
required value of the section modulus is 781,200 -e- 16,640 
= 49.95 Consulting Table XIV, it is found that the ligntest 
16-inch beam — that is, a 15-inch 42-pound beam — has a sec- 
tion modulus of 58.9. This beam, therefore, can and will 
be used. 


10. Assuming that the lightest 16-inch channel is used, 
for which the flange is 3.4 inches wide, the allowable intensity 
of stress is 

20,000 — 200 X “j = 12,940 pounds per square inch 

0.4 

Then, as the maximum bending moment is 476,300 inch- 
pounds, the required value of the section modulus is 
476,300 -7- 12,940 = 36 81. Consulting Table XIII, it is found 
that a 16-inch 33-pound channel has a section modulus of 41.7, 
and so this will be used. 

11. The bracing angles will add a little to the dead load 
on the I beams; but, as the section modulus of the 16-inch 
42-pound I beam is larger than required, it is not necessary 
to consider the effect of those angles. 

Note — In case the required value of the, section modulus had come 
out larger than that corresponding to the assumed size of the beam, 
It would have been necessary to revise the design Suppose that it 
had come out 86 0 Then, if a 16-mch beam were used, it would be 
necessary to use a 16-inch 70-pound beam, for which the section modu- 
lus IS 88 5, the same strength could be had, however, by using an 
18-mch 66-pound beam, for which the section modulus is 88.4, thereby 
getting the same strength with a lighter beam. It would then be 
necessary to recompute the bending moment and allowable intensity 
of stress for the 18-mch beam 

12. Deptli of Floor, — The distance from the clearance 
line and from the top of the bridge seat to the top of the 
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floor can now be found. The vertical distances at the center 
of the span are 3 inches of plank, 4 inches of nailing strip, 
and 16 inches for the I beams and channels, making 22 inches 
for the depth of floor at the center, as represented m 
Fig. 1 (^). In Art. 3, 2 inches was allowed for sole plates 
and bedplates under the beams; the bridge seat is, therefore, 
24 inches below the floor at the center of the span, and, since 
the nailing pieces are 2 inches deep at the ends, the bridge 
seat is 22 inches below the floor at the ends. If the tops of 
the parapets Fig. 1 (<5), are made level with the floor, 
they must be 22 inches high. 

13. Genei“al Plan oi- Detail Drawings. — Fig. 4 is a 
detail drawing of the bridge that has just been designed, 
and gives all the information necessary for its manufacture. 
It is customary, in drawing the plan and elevation, to 
show a portion of the floor and fence in its finished condi- 
tion, as at (,a) and (^), and the remainder with the floor and 
fence removed, as at (c) and (d). One end of a channel 
and several beams are usually shown with the top flange cut 
away, in order to show the detail of the connection of the 
beams to the sole plates. The diaphragms, sometimes called 
frames, are marked and the cross-struts, which also are 
called frames, are marked F,, Frames of both kinds are 
shown to a larger scale at (/) and Cg). 

The holes for the anchor bolts at one end are made circu- 
lar and i inch larger in diameter than the bolts; at the other 
end, they are made li inches wide and li inches long, 
allowing i inch for expansion and contraction. 

In a bridge of this size, the diaphragms or frames are 
sometimes bolted instead of riveted to the beams, to avoid 
the expense of setting up a riveting plant for so small a 
number of rivets. 


I L T 335—18 
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DESIGN OF AN I-BEAM RAILROAD 
BRIDGE 


14. Data. — An I-beam railroad bridge will now be 
designed from the data given on page 13. 
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16. Determination of Span. — The distance between 
neat lines under bridge seats is 20 feet. If the bearing 
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OBNBRAL SATA 

For bridge over Creek 

Redlands^ Calihmia 

Length and general dimensinna _ between mat lines 

under bridge seats 


Skew or angle of abutments with center line of bridge. 
Width of bridge and location of trusses trusses 


Floor aygtpm Standard tie-floor on steel stringers or I beams 
Number and location of t-raplra ^ tracks 13 feet center to center 
T.nading Coofier's ESO^ as represented in Bridge Specifications y 
Art. 24: 

Description of abutments Cement concrete 

Distance from floor to clearance line ^2^ 
distance to high water 


Distance from floor to high water- 
low water- 


IB feet 
15 feet 


“ “ river bottom ilJPJl 

Character of river bnHntn 2 feet gravel, 3 Lei shale, then solid 
rock 20 feet below base of rail 

Usual season for floods April and May 

Name of nearest railroad station Redlands, California 


Distance to nearest railroad station £ 

Time limit days 

Name of Engineer Jones 

Address Berkeley, California 


5 miles 


Remarks 
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plates are made 12 inches wide, and set so that their edges 
are 6 inches back of the neat line, the total length of the 
beams will be 20 feet + 1 foot 6 inches + 1 foot 6 inches 
= 23 feet; and the distance center to center of bearings (the 
span), 1 foot less, or 22 feet. If 3 inches is left at each end, 
the parapets will be 23 feet 6 inches apart. The bridge 
seats will be made 1 foot 6 inches thick. The bridge-seat 
plan is represented m Fig. 5. The distance from the base 
of the rail to the top of the bridge seat cannot be found 
until after the bridge is designed. The top of the parapet is 
made 7i inches below the base of the rail. 


16. Depth, and Spacing; of Beams. — The depth and 
the spacing of beams depend on the maximum bending 
moment and required value of the section modulus. It is 
considered better practice to place two beams under each 
rail than one; where necessary, three are used. The beams 
under each rail are bolted together and made to act as one 
by means of cast-iron separators or spacers, as illustrated 
in Table XV; these are located about 5 or 6 feet apart 
along the beams, but are not to be assumed as support- 
ing the top flanges laterally. Lateral support is furnished 
by lateral bracing so arranged that the ratio of unsupported 
length to width of flange shall not exceed 12 (see B. S., 
Art. 87). 


17. Live Load. — The live load is represented in Fig. 3 
o£ B, S. By applying the conditions for maximum moment, 
it is found that it occurs when there are four driving axles 
on the span, under the second (or third) driver when that 
driver is 1.25 feet from the center of the span, and is equal to 


4 X 60,000 X 9.75 X 9.75 
22 


— 60,000 X 6 = 614,200 foot-pounds. 


18. Impact and Vibration. — The formula for impact 

and vibration is / = X 5 {£. S., Art. 26). In this 

case, as the moment is required, the value of the moment 
found in the last article should be substituted for S} and, as 


f 
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the entire span must be loaded in order to produce the 
maximum moment, L = 22. Therefore, 

/ = 30p ^ 614,200 = 672,200 foot-pounds 

22 + 300 

19- Dead Xioad. — The weight w per linear foot of 
I-beam bridges of this class is given very closely by the 
formula w = 26/ (iff* »S., Art. 242). In this case, / = 22, 
and, therefore, = 25 X 22 = 660 pounds per linear foot. 
The weight of track can be taken as 400 pounds per linear 
foot (jff. 5., Art. 23). The maximum live-load moment 
occurs very near the center of the span, and it will be suffi- 
ciently accurate to find the dead-load moment at the center, 
which is 

(660 + 400) X 22 X _ 22 ^ gQQ footpounds 

8 

20. Wind Load. — It is unnecessary to compute the 
stresses in the laterals of I-beam bridges If the smallest- 
sized angle allowed is used — in this case, in. X SHn. X fin. 
— it is sufficiently strong to resist any wind stresses. Accord- 
ing to £. S., Art. 27, the wind pressure on the train is 
300 pounds per linear foot, applied 7 feet above the top of 
the rail. Ordinarily, the lateral system will be about 2 feet 
below the top of the rail, or about 9 feet below the center of 
wind pressure. Then, as the beams will be placed 6 feet 
6 inches center to center, the additional load on the leeward 
beams (as explained in Stresses in Bridge Trusses, Part 6) 

will be = 416 pounds per linear foot, and the bend- 

6.6 

ing moment at the center due to it will be 

^15 X 22 X 22 ^ 26,100 foot-pounds 

As this is so small, it is sometimes neglected. In the 
present case, it is less than 2 per cent, of the total moment, 
but, there being no reason why it should not be considered, 
it will be taken into account. 

21. Total Moment. — The total moment is equal to the 
sum of the several moments just found, and is as follows: 
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614,200 + 672,200 + 67,600 + 26,100 = 1,269,000 foot-pounds 
= 16,228,000 inch-pounds. 

22. Section Modulus. — As it is required that the 
flanges shall be supported laterally, the full value of 16,000 
pounds per square inch can be used for the allowable intensity 
of stress, since the ratio of width to unsupported length will 
be less than 20 (see B. 5., Art. 29). Then, the required 
value of section modulus is 15,228,000 -r 16,000 = 961.76. 

If four beams are used (two under each rail), the required 
value of the section modulus for each will be 961.76 ■¥ 4 
= 237.94 Consulting Table XIV, it is found that the 
heaviest I beam made has a section modulus of 198.4, which 
is not enough. Therefore, more beams must be used. If 
six beams are used (three under each rail), the required 
value of the section modulus for each will be 961 76 -r 6 
= 158.62. Consulting Table XIV, it is found that a 20-inch 
95-pound I beam has a section modulus of 160.7, and a 
24-inch 80-pound I beam has a section modulus of 174. If 
it were necessary to keep the distance from the base of the 
rail to the underneath clearance line as small as possible, 
the 20-inch beams would be used. In the present case, as 
there are practically no restrictions, the 24-luch beams will 
be used, as they are lighter and therefore more economical. 
On account of their larger value of section modulus, the 
24-inch beams are also stronger than the 20-inch beams. 



Fio 6 


23. Depth of Bridge. — In B, S,, Art. 48, if is stated 
that standard ties are framed to 7i inches in depth over 
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stringers and girders 6 feet 6 inches center to center. 
Then, the distance from the base of rail to the underneath 
clearance line, as represented in cross-section in Fig, 6, is 
inches -f- 24 inches = 2 feet inches. Allowing 1 inch 

for the sole plate and 1 inch for the bedplate gives 2 feet 
9^ inches from the base of the rail to the top of the bridge 
seat, as represented in Fig. 5 

24. Plan. — Pig. 7 is a detail drawing of the bridge that 
has jUst been designed, and shows the customary method of 
arranging the lateral system. The lateral angles are con- 
nected to plates that are riveted to angles attached to the 
inside beams. The lateral truss is placed as high as is pos- 
sible without interfering with the top flanges of the beams. 
The two sets of I beams are connected near the ends by 
diaphragms or frames, and at the panel points of the lateral 
truss by means of single angles. It is customary to show 
the top view of the I beams, and to consider a portion of the 
top flange removed at each lateral connection and at the end 
of one set of beams, in order to show more clearly the detail 
of the connection of the laterals to the beam and of the sole 
plates to the lower flanges. 

For I-beam bridges longer than about 18 feet, three panels 
are used m the lateral systems; for shorter bridges, two 
panels are employed. The panels are usually made equal. 
In locating the rivets in the lateral connection plates, great 
care must be taken that the different angles connecting to 
the plate do not interfere with one another. It is well to lay 
out each connection plate on a large sheet full or half size 
and draw each angle in its proper position, leaving about 
i inch clearance between the different angles that come close 
together. 

The process of laying out the lateral system is frequently 
perplexing to a beginner, but is very simple after a little 
experience has been had. The different steps will be briefly 
outlined. The end frames are first located near the ends 
in such a position that they will not interfere witv ’ - - 

bolts nor with the rivets that connect the soIp 
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beams. This can be done by locating the frames about 

1 inch from the sole plates. In Fig. 7, the backs of the 
angles that serve as flanges for the frames are 1 foot 1 inch 
from the ends of the I beams These angles are inches 
wide, and, according to Table XII, the gauge lines are 

2 mches from the back edges. This makes the gauge lines 
of the end frames 1 foot 3 inches from the ends of the span 
and 23 feet — 1 foot 3 mches — 1 foot 3 inches = 20 feet 
6 inches from each other. This distance is divided into 
three equal spaces of 6 feet 10 inches each, thus locating 
the gauge lines of the angles that act as struts between the 
beams at the intermediate points. 

The three beams that form each side of the bridge are 
bolted together with their centers 7i inches apart, as given 
in Table XV, and each set of three is placed with its center 
6 feet 6 inches from that of the other. This makes the inside 
beams 6 feet 6 mches — 7-i- inches — 7-f mches = 6 feet 
2i mches apart. Since the webs of these beams are 2 inch 
in thickness (Table XIV), the clear distance between them is 
6 feet 2 inches The lug or hitch angles that are used to 
connect the plates to the webs of the inside I beams are 
3i inches wide, with the gauge Imes 2 mches from the webs. 
This makes these gauge Imes 6 feet 2 inches — 2 inches 
— 2 inches = 4 feet 10 inches apart. The gauge lines of 
these hitch angles and those of the cross-frames or struts, 
located m the preceding paragraph, are commonly called 
working lines for the lateral trusses. They can be 
considered as the center lines of the chords and the 
panel pomts, respectively. The diagonal lines connecting 
the mtersections of these gauge Imes locate the diagonals 
of the lateral truss. In Fig. 7, they are taken as the 
gauge Imes of the laterals. In some cases, the center of 
gravity of the angle is made to comcide with the diagonal 
between the working lines; in a bridge as small as that 
now under consideration, it matters little which method is 
used. 

The next step is to find the length of the diagonal. Each 
of these lines, together with the working lines, forms a right 
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triangle whose two legs are 6 feet 10 inches and 4 feet 
10 inches, respectively. Then, the length of the diagonal is 
Vfe'lO'O' + U'lO'O’ = 8 feet 4* inches 

The rivets at the ends of the laterals are next located by 
laying out the connection plates full or half size, as previously 
described. 

In detailing bridge work, it is frequently necessary to find the 
length of the hypotenuse of a right triangle when the legs, 
commonly called the coordinates in this work, are known. 
The principle for finding the hypotenuse is simple, but the 
arithmetical work is laborious, especially when the coordinates 
are given to small fractions, such as sixteenths of an inch. 
To shorten this work, tables are commonly employed. There 
are several books on the market that contain tables giving 
the squares of distances that occur in feet, inches, and frac- 
tions of an inch. In using such tables, the squares of the 
coordinates are copied and added; the length corresponding 
to the square root of the sum is then taken directly from the 
table. 


DESIGN OE A PLATE-GIRDER 
RAILROAD BRIDGE 

26. l>ata. — As the next example of practical design will 
be taken a deck plate-girder railroad bridge, the data sheet 
for the construction of which is given on page 20. 

26. Determination ot Span. — It is first necessary to 
determine the location of the abutments. It is required that 
the clear distance between them at the level of the curb be 
made 60 feet. There is one electric-car track in the center 
of the street, and it may be assumed that the top of the rail 
is level with the top of the curb. According to B, 5., 
Art. 94, the lowest line of overhead bracing in through 
bridges for street railways shall not be lower than 16 feet 
from the top of the rail. This condition applies equally 
well to the underneath clearance of bridges over street- 
railroad tracks. In the present case, the underneath clear- 
ance line of the bridge will be placed 16 feet above the top 



GBKBRAL DATA 


For bridge over Sumner Street 

Cincinnaiiy Ohio 

Length and general dimen.^inns street 50 feet 

wide at the level of the curby with (me electric-car track at the 
center 

Skew or angle of abutments with center line of bridge. 

Width of bridge and location of trn.gfift.t; trusses. Space 
deck girders according to Bridge Specifications y Art. 16 

Floor system Standard-he floor. See Bridge 

Specifications^ Art, 48 

Number and location of traryg ^ tracks 13 feet center to center 

Loading Cooper's £50, as represented in Bridge 

Specif icatumsy Art. 24 

Description of ahntmftntR Granite abutments, front faces 
even zvith street lines 

Distance from floor to clearance line more than 6 feet 


B inches 

Distance from floor to high water 

No water 

4( Ci U <( 1 . 

low water 

4 4 4 4 

14 4* 44 fC • * 

river bottom 

<4 44 

Character of river bottom 

44 it 

Usual season for floods 

4 4 4 4 

Name of nearest railroad station 

Cincinnati y Ohio 

Distance to nearest railroad station 

3 miles 


Time limit__- ^0 

Name of Engineer 

Address of Engineer 

Remarlr.q Above-desenbed bridge is to replace the bridge at 
Present in use. New abutments will be built by the Railroad 
Company, Contractor will furnish bridge-seat plan within 
10 days from award of contract 


20 
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of the rail, and the top of the bridge seat will be made level 
with that line. Bridge seats for this length of span should 
be not less than 18 inches thick; using this thickness, the 
distance from the top of the rail to the neat line under the 
bridge seat will be 16 feet — 1 foot 6 inches, or 13 feet 
6 inches. If the face of each abutment is battered i inch 
per foot, the abutments will be ISi inches farther apart 
under the bridge seat than at the top of the curb, or, in this 
case, 60 feet + 1 foot l-J- inches = 61 feet H inches. Bed- 
plates for deck plate girders are usually made about 20 inches 
long for spans of 60 feet, and about 24 inches long for spans 
76 feet long, with the front edge from 6 to 9 inches behind 
the neat line. For the span under consideration, the plates 
will be made 22 inches in length and set with the front edges 
6i inches behmd the neat line. The center of the bedplate is 
then 11 inches + 6i inches = 17i inches, behind at each end 
of the span; the span is 61 feet li inches + 1 foot 5i inches 
+ 1 foot 6i inches = 64 feet; and the total length of the 
girder is 22 inches more than this, or 66 feet 10 inches. 
For a girder of this length, the parapets should not come 
nearer than 4 inches to the ends. In this case, they will be 
made 66 feet 6 Inches apart. 

27. Depth, and Spacing of Girders. — Deck girders 
are usually made about one-ninth or one-tenth of the span 
in depth. When the distance from the base of the rail to 
the clearance line is specified, the depth of the girder must 
be chosen so as not to exceed it. The depth of the tie and 
the thickness of the flange plates will usually occupy about 
1 foot of the depth. In the present case, as the specified 
distance is 6 feet 6 inches, the depth of the girder, or the 
width of the web, should not exceed 6 feet 6 inches. If the 
depth of the girder is made one-tenth of the span, it will be 
64 -r 10 6.4 feet. It is well, when possible, to use an 

even foot or half foot for the width of web; in this case, 
6.6 feet, or 66 inches, will be used. The backs of the flange 
angles are usually placed i inch farther apart, or, in this 
case, 66i inches. This allows for slight irregularities in the 
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edges of the web-plates, and prevents the edg-es from inter- 
fering with the flange plates As the span is less than 
70 feet, the girders will be 6 feet 6 inches center to center 
(see B, 5., Art. 16). 

The bndge-seat plan is represented in Fig. 8. The dis- 
tance from the base of the rail to the clearance line or the 



bridge seat is not given, as this distance cannot be determined 
until after the girders have been designed 

28. Dead Load. — The formula for the weight per 
Imear foot of a deck plate-girder railroad bridge for the 
specifications referred to in the data sheet, and for Cooper*s 
E50 loading, is given m Art. 242, B, S,, as 

w = 500 + 8 / = 500 8 X 54 = 930 pounds, nearly 

The weight of the track will be taken as 400 pounds, 
making the total dead-weight 930 -f- 400 = 1,330 pounds 
per linear foot for one track (two girders). As explained 
in Design of Plate Girders^ Part 1, it is necessary to 
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calculate the moments and shears at several points along 
the girder. In the present case, they will be calculated 
at the center and at distances of 5, 10, 16, and 20 feet from 
the end of the span; besides, the shear at the end must be 
computed. 

The dead-load moments, in foot-pounds, are as follows: 


At 

the center, 

• 


1,830 X 54 X 64 ^ 484,900 

o 


At 

20 feet from the end. 



1,380 X 54 on 1.830 X 20 X 20 

2 ^ 2 

452,200 

At 

15 feet from the end. 



1,830 X 54,, 1,; 1,380 X 16 X 16 

2 ^ 2 

389,000 

At 

10 feet from the end. 



1,330 X 64 „ 1,330 X 10 X 10 

2 ^ 2 

292,600 

At 

6 feet from the end, 



1,330 X 54 ^ g 1,330 X 6 X 6 ^ 162,900 


The dead-load shears, in pounds, are as follows: 

At the end, = 36,910 

At 6 feet from the end, 

36,910 - 6 X 1,330 = 29,260 
At 10 feet from the end, 

36,910 - 10 X 1,330 = 22,610 
At 16 feet from the end, 

36.910 - 16 X 1,330 = 16,960 
At 20 feet from the end, 

86.910 - 20 X 1,330 = 9,310 
At the center, 

86,910 - 27 X 1,380 = 0 


29. Ijlve Ijoad. — The live load consists of Cooper’s 
E60, represented in Pig. 8 of B, S, By applying the prin- 
ciples explained in Stresset in Bridge Trusses, Part 4, it is 
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found that the greatest moment occurs under the third 
driver of the second engine, when that driver is .127 foot 
to the left of the center. The value of this moment is 
2,703,200 foot-pounds. The maximum moment at the cen- 
ter, in this case, occurs when the same driver is at the 
center, and is 2,702,600 foot-pounds. As will be seen, 
these two values are very nearly equal. In general, it 
may be stated that for spam over 50 feet it is sufficiently 
accurate to use in design the greatest moment that can occur 
at the center of the spari^ neglecting the consideration that 
involves the location of the center of gravity of the loads. 
The maximum live-load moments and shears are then as 
follows: 

At the center (under third driver, second engine), the 
live-load moment, in foot-pounds, is 2,702,600. 

At 20 feet from the end (under third driver, first engine), 
2,663,000. 

At 15 feet from the end (under second driver, first engine), 
2,247,200. 

At 10 feet from the end (under second driver, second 
engme), 1,703,700. 

At 5 feot from the end (under first driver, second engine), 
976,900. 

At the end (first driver, second engine), the live-load 
shear, in pounds, is 228,900. 

At 6 feet from the end (first driver, second engine) , 196,400. 

At 10 feet from the end (first driver, first engme), 163,100. 

At 15 feet from the end (first driver, first engine), 130,900. 

At 20 feet from the end (first driver, first engine), 101,600. 

At the center (first driver, first engine), 66,200. 

30 . Impact and Ylbratlon. — The formula for impact 

and vibration is / = X S{B 5., Art. 26). In the 

present case, the allowance in terms of the moments and 
shears must be foimd. For the moments, it is necessary to 
load the entire span; then, L = 54, and 

I .84746 M 
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The allowances are: 

Location 

Center 

20 feet from the end 
16 feet from the end 
10 feet from the end 
6 feet from the end 


Moment, in Foot-Pounds 
.84746 X 2,702.600 = 2,290,300 
.84746 X 2,563,000 = 2,172,000 
.84746 X 2,247,200 = 1,904,400 
.84746 X 1,708,700 = 1,443,800 
.84746 X 976,900 = 827,900 


As the length of track that must be loaded to produce the 
greatest shears is different for diflEerent sections, the allow- 
ance for impact and vibration will be a difiEerent proportion 
of the maximum shear m each case. It has been found that 
the maximum shear at each section occurs when the first 
driver is at the section, for which position the first wheel is 
8 feet beyond the section. The length of loaded track for 
sections within 8 feet of the end of the span is, therefore, 
64 feet; for other sections it is equal to the distance of the 
section from the other end of the span plus 8 feet. The 
proportional allowances are as follows: 

At the end and 6 feet from the end, the length L of loaded 
portion is 64; the proportional allowance, / = .84746 5. 
At 10 feet from the end, L = 62; I = 5 « .8628 S 

At 16 feet from the end,^i = 47; I = 5 = .8646 S 

At 20 feet from the end,*Z, =s 42; / = Mi S = .8772 S' 

At the center, L = 36; I => M# S = .8966 S' 

The allowances for shear are, therefore, as follows: 


Location 

End 

6 feet from the 
10 feet from the 
16 feet from the 
20 feet from the 
Center 



.84746 X 

end 

.84746 X 

end 

.8628 X 

end 

.8646 X 

end 

.8772 X 


.8966 X 


EAE, IN Pounds 

228.900 = 194,000 
196,400 = 166,600 
168,100 = 139,000 

130.900 « 118,200 
101,600'* 89,100 

66,200 * 68,400 


31. Wind Pressure. — In this article, we shall consider 
only the increase in moments and shears caused in the leeward 
girder by the overturning effect of the wind; this Increase is 

DL 

calculst«i by the formula w » in which P ia the wind 

0 
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pressure per linear foot of train, and w is the vertical load 
per linear foot of girder, due to the wind pressure (see 
Stresses in Bridge Trusses, Part 6). The center of the wind 
pressure is 7 feet above the top of the rail {B, S , Art. 27), 
and the top lateral bracing is generally about 2 feet below 
the top of the rail; then, h, the distance from the center of 
wind pressure to the top lateral bracing, is 7 + 2 = 9 feet; 
and b is 6.6 feet. Therefore, 

- = 415 pounds per linear foot 
6,5 

The moments due to a uniform load of 1,330 pounds per 
linear foot have already been found, those due to a uniform 
load of 415 pounds may be found by multiplying the former 
moments by or .31203. The results are as follows; 


Location 

Center 

20 feet from the end 
15 feet from the end 
10 feet from the end 
6 feet from the end 


Moment, in Foot-Pounds 
.31203 X 484,900 = 161,300 
.31203 X 462,200 = 141,100 
.31203 X 389,000 = 121,400 
.31203 X 292.600 = 91,300 
.31203 X 162,900 = 60,800 


As the wmd pressure under consideration is that on a 
moving train, the shears will be found as for a moving load, 
that IS, by loading the portion of the span on one side of 
a section. They are as follows: 


Location 

End 

5 feet from the end 
10 feet from the end 
16 feet from the end 
20 feet from the end 
Center 


Shear, in Pounds 


416 X 64 
2 


11,200 

416 X 49 X 49 


9,200 

2X54 


416 X 44 X 44 


7,400 

2X64 

416 X 39 X y9 


6,800 

2X64 


415 X 34 X 34 


4,400 

2X64 


416 X 27 X 27 


2,800 

2 X 64 
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32, Total Moments and Shears. — As the dead load, 
live load, impact and vibration, and wind pressure may act 
simultaneously, the total moments and shears may be found 
by adding the values that have been found for the different 
conditions. In doing so, however, it must be remembered 
that the moments and shears due to dead load, live load, 
and impact and vibration have been found for the load on 
the entire width of track, that is, on two girders, while those 
due to the wind pressure are the effects on one girder. 
Therefore, to find the total moment or shear at any section 
of one girder, that due to the wind pressure may be added 
to one-half the sum of those due to dead load, live load, and 
impact and vibration, as just found. The total moments and 
shears on each girder can now be found. 

The total moments, in foot-pounds, at various positions 
on the girder are as follows: 

At the center, 

484,900 + 2,702,600 + 2,290,300 . 

2 ^ 

At 20 feet from the end, 

452,200 + 2,563,000 + 2,172,000 
2 

At 16 feet from the end, 

389,000 + 2,247,200 + 1,904,400 
2 

At 10 feet from the end, 

292,600 + 1,703,700 -f 1,443,800 . 

2 ^ 

At 6 feet from the end, 

162,900 + 976 ,900 + 827,900 
2 - - + 

The total shears, in pounds, at the different sections of 
the girder are: 

At the end, 

86,910 + 228,900 + 194,000 ii^200 « 240,600 

2 


151,800 « 2,890,200 

141,100 « 2,734,700 

121,400 » 2,891,700 

91.800 = 1,811,400 

50.800 » 1,084,700 
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At 6 feet from the end, 

29,260 + 195,400 + 165,600 
2 

At 10 feet from the end, 

22,610 + 163,100 + 139,000 
2 

At 16 feet from the end, 

16,960 + 130,900 + 113,200 
2 

At 20 feet from the end, 

9,310 + 101,600 + 89,100 
2 

At the center, 

0 + 66,200 + 58,400 
2 


+ 9,200 = 204,300 


+ 7,400 = 169,800 


+ 6,800 = 136,800 


+ 4,400 == 104,400 


+ 2,800 = 64,600 


33* Desl^ of Web. — A A-inch web will be tried first. 
The gross section is 66 X A = 28.876 square inches. As 
the total shear at the end is 240,600 pounds, the intensity of 
the shearing stress is 240,600 — 28.876 = 8,330 pounds per 
square inch. Consultmg Table XXXVI, finding the point 
on the curve for the T^-inch web corresponding to an inten- 
sity of stress of 8,330 pounds per square inch, and looking 
horizontally to the right, it is found that the stiffeners must 
be spaced about 16 inches apart. According toB,S , Art. 65, 
the spacing of stiffeners should be not less than one-third 
the depth of the web. In this case, therefore, the stiffeners 
should be not less than 22 inches apart. As the spacing 
given in Table XXXVI is 16 inches, it is necessary to try a 
thicker web A web i inch thick will be tried next. The 
gross section is 66 X i = 33 square inches, and the mtensity 
of shearing stress, 240,600 ~ 33 = 7,290 pounds per square 
inch. Consulting Table XXXVI, finding the point on the 
curve for the i-inch web corresponding to an intensity of 
stress of 7,290 pounds per square inch, and looking hori- 
zontally to the right, it is found that the stiffeners must 
be spaced 22 mches apart. As this thickness of web satis- 
fies the conditions as far as stiffener spacing at the end is 
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concerned, the required spacing- of stiffeners 
will next be found. The intensities of shearing stress 'are: - 



Location 

End 

5 feet from the end 
10 feet from the end 
16 feet from the end 
20 feet from the end 
Center of span 


Intensity of 
Shearing Stress, 

IN Pounds 
PER Square Inch 

240,600 4- 33 = 7,290 
204,300 38 = 6,190 

169,800 -r- 33 = 6,150 
135,800-7-33 = 4,120 
104,400 ^ 33 = 3,160 
64,600 33 = 1,960 


34. Spacing of Stiffeners. — Consulting Table XXXVI, 
finding the points on the curve for i-inch web corresponding 
to the intensities just found, and looking horizontally to the 
right or left (whichever is nearer), the required spacings of 
stiffeners are found to be as follows: 


Spacing of 

Location Stiffeners, 

IN Inches 

End 22 

6 feet from the end 27 

10 feet from the end 32 

16 feet from the end 38 

20 feet from the end 46 

Center of span 62 


'The stiffener spacing at other points on the girder may 
be found by interpolating between the values just found. 
These distances will not give the actual distances between 
the stiffeners, but simply the distances that must not be 
exceeded at the various sections. The actual distances 
between stiffeners depend on other details, such as rivet 
spacing, and are usually found by the detailer or draftsman 
when the plans are being made, 

36. Pitch of Plaxis^e Bivets. — The required spacing 
of the rivets that connect the flanges to the web at any 
section is found by the following formula, given in Design oi 
Plate Girders ^ Part 1: 
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In the present case, the rivets are in double shear and in 
bearing on the -i-mch web-plate. (They are also in bearing 
on the two flange angles, but it may be assumed that the 
thickness of the latter is greater than that of the web; it 
is found in practice that this is invariably true. For this 
reason, the bearing on the flange angles need not be con- 
sidered.) The rivets used in deck plate-girder railroad 
bridges are -J- inch in diameter for all spans. Those in the 
flanges are always shop-driven rivets and, according to B, S.% 
Art. 29, the values in Table XL will be used. Consulting 
Table XL, the value of one ■J-mch rivet in double shear is 
found to be 13,230 pounds, and in bearing on a plate i inch 

thick, 9,630 pounds. 
The latter value, 
being the smaller, 
must be used in the 
formula. As the 
flanges have not yet 
been designed, it is 
not known what size 
of angles will be 
used, so that the 
value of hr cannot be 
calculated. In actual 



practice, however, the designer soon learns what sizes of 
angles are generally used for spans of different lengths. 
In the type of bridge now under consideration, 6'' X 6'' angles 
are used for all spans up to about 70 feet, and 8 in. X 8 in. 
for longer spans In the present case, 6" X 6" angles 
will be used. Consulting Table XII, it is found that there 
will be two rows of nvets in each leg, the line midway 


between the two rows bemg 2i + 


2i 

2 


=; 3| inches from the 


back of the angle, as represented in Fig. 9, The distance 
between the backs of the angles m the flanges has already 
been found to be 66i inches. The distance hr is, there- 
fore, 66i — 3i — 3i = 69i mches. By substituting the 
proper values in the formula, and using the intensities of 
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shearing stress found in Art. 33, the following pitches are 
obtained: 

Location Rivet Pitch, in Inches 

Bottom Flange Top Flange 

End ^ = 

5 feet from the end = 2.80; 2.80 X .9 = 2.52 

^U4)OU0 

10 feet from the end = 3.87; 3.37 X .9 = 3.08 

1d9,o00 

15 feet from the end ^ = 4.22; 4.22 X .9 = 3.80 

135, oOU 

20 feet from the end = 6.49; 6.49 X .9 = 4.94 

104,400 

Center — I? = 8-87; 8.87 X .9 = 7.98 

64,600 

As a deck railroad bridge is under consideration, the pitch 
in the bottom flange, found from the formula p = must 

be multiplied by .9 to get the required pitch in the top 
flange (see B, 5., Art. 67). The pitch is sometimes made 
the same in both flanges, that found for the top flange in 
the manner just explained being used for the bottom as well. 
As in the case of stiffener spacing, the foregoing values 
will not represent the actual spacing of rivets at any sectibn, 
but simply the values that must not be exceeded at the 
diflJerent sections. The spacing at other points may be 
found by interpolating between the given values. As the 
pitch at 20 feet from the end came out greater than that 
allowed in B. 5*., Art. 67, there was no necessity for com- 
puting the pitch at sections nearer the center. 

36. Deslfirii of Flanges* — The required area of cross- 
section of the flanges at any section is found by means of 

the formula A »» — — ^ (Design of Plate Girders^ Part 1). 
s htg o 

It is impossible to calculate the value of hg, as the areas of 
the flanges are not yet known; for a first trial, however, ht 
will be assumed 9qual to thf depth k of web, the flanges 
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at the center of the span will be designed on this basis, using 
the bending moment at the center of the span, and the dis- 
tance hg between the centers of gravity of the trial flanges 
will be computed. With this corrected value for hgy the 
areas of the flanges will agam be found, and the necessary 
correction made. It will seldom be found necessary to 
change the cross-section of the flanges as found by 
assuming hg = A. In the present case, A = 66 inches, 
s = 16,000 pounds, and ^ i inch. To apply the formula, 
the bending moment already found must be multiplied by 12, 
to reduce it to inch-pounds. For the first trial cross-section 
at the center of the span, we have, therefore^ 

= 32.84-4.12 
= 28.72 square inches 

This is the value for the gross area of the top flange and 
the net area of the bottom flange. 

37. The actual choice of the sizes of angles and plates is 
wholly a matter of practice. The designer usually follows 
certain established rules and relies to a great extent on his 
experience. It is considered bad practice to use very small 
or thin angles and a large number of plates. It is also con- 
sidered bad practice to make the entire flange section of 
angles; this is not economical, as the entire section of flange 
must be continued the whole length of the girder. In B, S., 
Art. 69, it is required that one-third to one-half the flange 
area shall be composed of angles. In the present case, that 

OQ *70 OQ '70 

would require from — ^ — , or 9.67, to — , or 14.36, square 

o 2 

inches in two angles, or, as there are two angles, 4 79 to 
7.18 square inches in each angle, 6" X 6'' angles with thick- 
nesses from i to H inch are commonly used in the flanges 
of plate girders for railroad bridges up to about 70 feet in 
length; the flange plates are never narrower than the total 
width of the two flange angles together with the thickness 
of the web, nor thicker than the flange angles. In the pres- 
ent case, the following sections will be used: 
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Top Flange 


Section, in 
Square Inches 


Two angles 6 in. X 6 in. X i in. @ 6.76 . 1 1.5 

One plate 14 in. X I in 6.2 6 

One plate 14 in. X tV in 6.1 2 6 

One plate 14 in. X tV in 6.12 6 

Total gross area 2 9.0 


In B. Art. 60, it is required that, when plates of dif- 
ferent thicknesses are used, they shall diminish in thickness 
outwards from the flange angles. An exception is sometimes 
made to this rule, and will be made in this case, when it is 
required that one plate shall extend the full length of the top 
flange. This is done to keep water and dirt from working 
down between the flange angles and the web, and to give 
the girder a better finish. A thin plate serves the purpose 
just as well as a thicker 
one, and is more eco- 
nomical, as all that 
part beyond its theo- 
retical end is wasted, 
so far as necessary 
flange section is con- 
cerned. 

For the bottom 
flange it is necessary 
to deduct from the 
gross section the areas 
of cross-section of the 
rivet holes. This is most easily done by deducting from 
each angle and plate the holes that are in the plate. Fig. 10 
shows the method of riveting flange angles to the web and 
the flange plates to the angles. Each rivet d in the hori- 
zontal leg of any angle is directly opposite one e in the ver- 
tical leg; this brings two rivets d,d directly opposite each 
other in each plate- There are then two holes to be 
deducted from each angle and two from each plate. The 
followmg sections will be used: 
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Bottom Flangb 

Two angles 6 in. X 6 in. X i in.; 
One plate 16 m. X iin. 

One plate 16 m. X m. 

One plate 16 in. X tV in. 


Section, in 
Square Inches 

11.60 - 2 X 2 X. 60 = 9.6 0 

8.0 - 2 X .5 = 7.0 0 

7.0 _ 2 X. 4376 = 6.1 2 6 

7.0 - 2 X .4375 = 6.1 2 6 

Total net area, 2 8.7 6 



38. In the foregoing design, hg was assumed. The loca- 
tion of the center of gravity of each flange and the distance 

between the two cen- 
ters of gravity will 
now be computed, 
and the design of 
the flanges altered if 
necessary. For the 
center of gravity of 
the lower flange, 
the statical moment 
^ for each angle will be 

taken equal to the area of net section multiplied by the lever 
arm of the gross section, as the position of the center of 
gravity is practically the same for both sections. The posi- 
tion of the center of p 

gravity of the gross 
section is taken from 

Table IX. Moments Can fer I | ^ 

will be taken about % 

* nr 

the outer edge of the § ^ 

section m each case, * I 

the lever arms for the | § 

top flange are shown 

in Fig. 11, those for the bottom flange in Fig. 12. 

The statical moments for the top flange are as follows: 


6.1 2 5 X .2188 = 1.3 4 0 

6.1 2 6 X .6662 = 4.0 1 9 

6.2 6 X 1.0626 = 6.6 7 8 

1 1.5 X 2.93 = 3 3 695 

2 9.0 4 4.6 3 2 
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The distance of the center of gravity of the top flange is, 
therefore, 44.632 — 29 = 1 64 inches from the outside of the 
section. As the plates have a total thickness of 4- f 

= 1.25 inches, the center of gravity of the top flange is 
1.54 — 1.25 = 29 inch below the back of the angles. 

The statical moments for the bottom flange are as follows; 

6.1 2 6 X .2188 = 1.3 4 0 

6.1 2 6 X .6662 = 4.0 1 9 

7.0 X 1.125 == 7.8 7 6 

9.6 Q X 3.06 == 2 8.9 7 6 

2 8.7 6 4 2.2 0 9 


The distance of the center of gravity of this flange from 
the outside edge of the flange is, therefore, 42.209 -5- 28.76 
= 1.468 inches from the outside of the section. As the 
plates have a total thickness of iS- H- tV + A = 1.375 inches, 
the center of gravity of the bottom flange is 1.468 — 1.876 
= ,09 inch from the back of the angles. 

As the distance back to back of the flange angles is 
66 25 inches, the distance hg between the centers of gravity 
of flanges is 66.25 — .29 — .09 66.87 inches. This is very 

nearly equal to the assumed distance of 66 inches. Substi- 
tuting this value of hg in the formula for area, the result is 

A = gi§90i20^X_12 _ I x i X 66 = 82.91 - 4.12 
66.87X 16,000 

= 28.79 square inches 

This is slightly greater than the net area of the trial bottom 
flange, but the difference is so slight (.04 square inch) that 
it is inadvisable to make any changes. Had the difference 
been greater — say, .2 or ,8 square inch — it might have been 
advisable to increase the thickness of one of the flange plates 
by tV inch. 

It will be seen that the flange plates are wider and thicket 
in the lower flange than in the upper. They are sometimes 
made the same width, in which case the lower flange plates 
must be Still thicker, or else more plates must be used. 
If those in the lower flange are made about 2 inches wider 
than those in t^e top, apd the same number of plates is 
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used, it will usually be found that the theoretical lengths 
of corresponding plates in the two flanges are the same 
or very nearly so; this condition is very convenient in 
designing, especially if the same rivet spacing is used in 
both flanges 

Some engineers do not design the top flange, but make it 
the same size as the lower flange. This gives additional 
section, and therefore additional strength to the top flange, 
but is not economical. If this were done in the present 
case, as the gross area of the lower flange is 11.50 + 8 + 7+7 
= 33 5 square inches, and the required gross area of the 
upper flange is 28 79 square inches, the difference, which 
is 4 71 square inches, would be wasted m the upper flange. 
Unless It IS stated in the specifications that both flanges 
must have the same gross area, they should be designed 
separately. 


39, Lengtlis of Flangfe Plates. — The flange angles in 
both flanges and the plate next to the flange angles in the 
top flange are continued the full length of the girder. The 
other plates are cut off where they are no longer needed. 
For this purpose, the areas required at the different sections 
at which the moments have been computed will be deter- 
mined, and the curves of flange areas will be plotted. The 
distances between the centers of gravity of the flanges at 
sections other than at the center are not known, but they 
may be assumed for tnal equal to that at the center, and 
corrected later. Using the bending moments found in 
Art. 32, the required flange areas, in square inches, are: 

At the center, 


2,890,200 X 12 


66.87 X 16,000 
At 20 feet from the end, 

2.734.700 X 12 , 

66 87 X 16,000 

At 16 feet from the end, 

2.891.700 X 12 
66.87 X 16,000 


- 4.12 = 32.91 - 4.12 = 28.79 


= 31.16 - 4.12 = 27.03 


4.12 = 27.24 - 4,12 « 23.12 
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Af 10 feet from the end, 

1.811.40P_>iig _ 4.12 = 20.63 - 4.12 = 16.61 
66 87 X 16,000 
At 5 feet fiom the end, 

LPSiJOO X_12 _ 4 12 - 11.79 _ 4.12 = 7.67 
65.87 X 16.000 

Fig. 13 shows the curves of flange areas: A B represents 
ihe half span; C, Z?, Ey and Fy the sections at 5, 10, 16, and 
20 feet from Ay respectively, C C', D E^yE E^y FPy and B B'y 



the required areas of the flanges at C Z>, Ey F, s.ndBy respect- 
ively, B L and B V representing or the portion of web 

o 

that is included in flange area; Z.£i, A,/.,, Z-.Z.,, and Z.Z«, 
the areas of the angles and plates in the upper flange; and 
L' LJ, Lr'LJ, LJ, and U LJ, the areas of the angles and 
plates in the lower flange. Dotted curves are then drawn 
through A, C, O', P, and B'. Drawing lines through 
L, Z.„ Z,„ etc., and noting where they intersect the curves, 
the points at which the plates are no longer required are 
determined. At C, no plates are required; at D, one plate 
on each flange is required; at £, two plates on each flange 
are required; and at JF and B, three plates on each flange are 
required. At P and B there is no need to revise the flange 
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area, as the entire section is required. In some cases, as 
at the end of a plate is just included m the section, but, 
as the plate at that point does not carry much stress, it 
should not be counted as part of the flange area in calcu- 
lating the distance between the centers of gravity of the 
flanges. 

The actual location of the center of gravity at each section 
can be calculated in the same way as in Art. 38 for the entire 
flange, it is not necessary to repeat the numerical steps. 
They are, for the top flange, .64 inch at 1.09 inches 
at D, 1.68 inches at C, below the backs of the flange angles; 
and for the bottom flange, .43 inch at E^ .86 inch at Z?, 
and 1.68 inches at C, above the backs of the flange 
angles. The distances between the centers of gravity of 
the flanges are; 

At E^ 66.26 — ,64 — .48 = 66.18 inches 
At D, 66.26 - 1.09 - .86 = 64.30 inches 
At C, 66.26 — 1.68 — 1.68 = 62.83 inches 


The revised flange areas, in square inches, are, therefore, 
as follows: 


At 16 feet from the end, 

2.391.700 X 12 , .g 

65.18 X 16,000 

At 10 feet from the end, 

1,811,400 X 12 _ 4 12 ^ 
64.30 X 16,000 ’ 

At 6 feet from the end, 

1.034.700 X 12 , .g 

62.89 X 16,000 


27.62-4.12 

21,13 - 4.12 

12.34 - 4.12 


23.40 

17.01 

8.22 


The curve of flange areas may now be corrected by plotting 
these values at C, Dy and E^ drawing the curves shown in full 
Imes, and locating the theoretical ends of the flange plates. 
The distance scaled from the theoretical end of a plate to the 
center line is one-half the length of plate; in this case, the 
theoretical lengths of plates in the top flange are approxi- 
mately 25, 34.5, and 40.6 feet, and in the bottom 26.6, 

34.76, and 43 feet. According to B, 6*., Art. §0, each plate 
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shall extend 12 inches at each end beyond the theoretical end; 
this will increase the length of each plate by 2 feet. The 
first plate in the top flange and all the angles will continue 
the full length of the girder, that is, 65 feet 10 inches. The 
flanges are then made up as follows: 

Top Flange 

Two angles 6 m. X 6 in. X 2 in. X 66 ft. 10 in 

One plate 14 in. X f m. X 65 ft. 10 in. 

One plate 14 in, X ’ft' m, X 36 ft. 6 in. 

One plate 14 in. X tV in. X 27 ft. 

Bottom Flangb 

Two angles 6 in. X 6 in. X i in. X 66 ft. 10 in. 

One plate 16 in. X 2 in. X 46 ft. 

One plate 16 in. X A in. X 36 ft, 9 in. 

One plate 16 m. X m. X 27 ft. 6 in. 

The actual lengths of the plates will probably be slightly 
different from the lengths given, the difference being due to 
rivet spacing in the flanges. 

40. Splices. — As no plate or angle is longer than 
70 feet, it is unnecessary to splice any flange member 
(B. 5., Art. 61). Consulting Table V, it is found that the 
longest plate 66 in. X i in. that it is possible to get is 
34 feet long; it is therefore necessary to splice the web. It 
will be spliced at the center, making each half 27 feet 
11 inches long, nearly. The size of the splice plates will 
first be determined. Consulting Table XI, it is found that 
for a 6'^ X 6'' X i" angle the nominal and actual widths are 
equal; then, the actual size of the leg of a 6" X 6" X 
angle is 6i inches. As the distance back to back of the 
flange angles is 66i inches, the clear distance between the 
vertical legs is 66i — 6i — 6i *= 64 inches. Allowing i inch 
clearance at top and bottom leaves 68i inches as the height 
of the splice plate. According to £. 5., Art. 66, each 
splice plate shall have a sectional area equal to 76 per 
cent, that of the web. In the present case, that of the web 
is 88 square inches; then, the area of each plate must 
be .76 X 38 24.76 square inches. As the plates are 


^ -V i f * g 'll 
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53$ inches deep, the required thickness is 24.76 -s- 63.75 
= 46 inch. The nearest standard thickness is i inch; then, 
each splice plate will be 53$ in. X 2 in A spacing of rivets 

will now be assumed; if it 
gives sufficient resistance, it 
will be used; if not, the num- 
ber of rivets will be increased. 
The spacing shown in Fig. 14 
will he assumed. 

The rivets are in double 
shear and in bearing on a i-mch 
web-plate. It has already been 
found (Art. 36) that the latter 
gives the smaller value for a 
i--inch rivet; this value is 9,680 
pounds. As the distances of 
the rivets from the neutral axis 
are 2, 6, 10, 13, 16, 19, 22, and 
25$ inches, and as there are 
four rivets at each of these 
distances, the moment of re- 
sistance of the rivets is, accord- 
ing to the formula given in Desigyi 0 / Plate Girders^ Part 1, 
9,630 X 4 X (2" + 6° -f 10* -|- 13" + 16^ + 19* + 22^ + 25.125*) 

25.125 

= 3,130,000 inch-pounds 

The moment that the web can bear is given by the formula 
s t 

^ ~ of Plate Girders^ Part 1). In the present 

case, the value of s for bending stress is 16,000 pounds per 
square inch, / = $ inch, and ^ = 66 inches; then, 

M = Ig . 0g 0^-5X66- ^ 4^350^000 inch-pounds 

Since this is greater than the resisting moment that has 
been found, it is necessary to use more nvets. As the nvets 
farthest from the neutral axis are the most effective, we 
shall begin another row outside of the first two rows, and 
first compute the moment of resistance of a few nvets near 
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the flanges. Let us first try two rivets at the top and two at 
the bottom, at distances of 25.125 and 22 inches from the 
neutral axis. The moment of resistance of these four 
rivets is 

2 ^ 9,630 X (22'^+ 2S.12y) ^ 866,000 inch-pounds, 

which, added to that already found, gives 3,130,000 + 866,000 
= 3,986,000 ingh-pounds. This is still too small. Let us try 
one more rivet at the top and one at the bottom in the same 
row, each 19 inches from the neutral axis. The moment of 
resistance of these two is 

2 ^ 9 . .g30 X 19» ^ 277.000 inch-pounds, 

25 125 

which, added to that already found, gives 3,986,000 + 277,000 
= 4,262,000 inch-pounds. This is still too small. Let us try 
one more rivet at the top and one more at the bottom in the 
same row, each 16 inches 
from the neutral axis. The 
moment of resistance of 
these two is 

9,630 X 16* 

26.126 

= 196,000 inch-pounds, 
which, added to that already 
found, gives 4,262,000 
H- 196,000 = 4,458,000 
inch-pounds. This is a 
little larger than the mo- 
ment of the web, and is, 
therefore, sufficient. Three 
splice plates on each side 
of the web will now be used 
instead of one, the top and 
bottom plates having three 
rows of rivets on each side 
of the splice and the middle plate two row's, 
sary to rearrange the spacing of the nvets, 
will be the proper distance from the edge of 


.4 



Pio 16 


It is neces- 
so that there 
each plate to 
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the nearest rivet, and i inch clearance between the plates 
(see B. 5., Art. 41). The spacing represented in Fig. 15 
will be used, this changes the location of the rivets, and it is 
well to recompute the moment of resistance of the rivets in 
the entire splice That moment is as follows: M = 9,630 
X [4 X (2- + 5.6- + 9- + 12 5-) + 6 X (16.126- + 19.126* 
+ 22.125- + 25.125-)] - 25.126 = 4,483,000 inch-pounds, 
which is larger than the moment of resistance of the web, and 
therefore sufficient. It is unnecessary to calculate the moment 
of resistance of the splice plates; if the plates on each side have 
an area on a vertical section 75 per cent, that of the web, tHeir 
moment of resistance will be greater than that of the web. 


41. Bearings. — Since the abutments are granite, for 
which, according to B, S , Art. 29, the allowable intensity 
of pressure is 600 pounds per square inch, and the end 
shear, which is equal to the reaction, is 240,600 pounds, the 
required area of beanng is 240,600 — 600 «= 481.2 square 
inches. In Art 26, it was stated that the bedplates would 
be made 22 inches long; the required width is, therefore, 
481 2 -r 22 = 21.9 inches. They will be made 22 inches long. 


42. End Stiffeners. — The formula given in Destgti oi 
Plate Girders^ Part 1, for the required thickness of end stif- 
R 


feners is /' = 


In the present case, R = 240,600 


nst{h — i)‘ 

pounds, and, accordmg to B, 5., Art. 29, the allowable 
intensity of bearing Sh is 18,000 pounds per square mch. 
The outstanding legs of the flange angles are 6 inches wide; 
then, according to B. 5*., Art. 65, the stiffeners will be 
5 in. X 3i in. It will first be assumed that there are four 
stiffeners; this gives 


V = 


240,600 


= .743 inch 


4 X 18,000 X (6 - i) 

When the required thickness of stiffeners comes out 
greater than f inch, as in this case, it is generally con- 
sidered advisable to use more stiffeners Using eight gives 
^ ^ 240,600 


8 X 18,000 X (5 - i) 


= .371 inch, say, f inch 
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As this thickness is less than f inch, it will be adopted, and 
eight stiffeners 5 in. X Si in. X f m. with reinforcing plates 
under them will be used The stiffeners will be riveted to 
the girder with i-mch rivets. The value in single shear, 
6,610 pounds (Table XL), is found to be the smallest 
value. Then, the number of rivets required to connect each 
stiffener is 


240,600 
8 X 6,601 


4 66, or, say, 6 rivets 


43. Lateral System. — ^The lateral truss represented in 
Pig. 16 will be used for both the upper and the lower flange; 
the end frames will be about 62 feet apart, which makes it 
possible to use eight panels at 6 feet 6 inches each. The 
wmd load is given in B, S., Art. 27. The pressure on the 
lower half of the girder, about 3 feet in depth, is resisted by 
the lower laterals; the pressure of 60 pounds per square foot, 
or, in this case, 3 X 60 = 160 pounds per linear foot, evi- 
dently causes the greatest stresses m the lower lateral truss. 



Then, the panel load for the lower lateral truss is 160 X 6.6 
= 976 pounds. The pressure on the upper half of the 
girder, and on the rails and ties, say 4 feet in depth, together 
with the pressure of 300 pounds per linear foot on the tram, 
are resisted by the upper lateral system. The pressure on 
the train — together with 30 pounds per square foot, or 
4 X 30 = 120 pounds per linear foot on the girders, ties, 
and rails — evidently causes greater stresses than 60 pounds 
ner square foot on the girders, ties, and rails alone. The 
live wind panel load for the upper lateral system is, there- 
fore, 300 X 6.6 = 1,950 pounds, and the dead wind panel 
load, 120 X 6.6 = 780 pounds. 


I L T 33S-20 
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44. The end panel of the upper lateral truss will first 

be considered. The live-load shear is ^ ^ = 6,826 

2 

'7on y n 

pounds, and the dead-load shear is — - — = 2,730 pounds 

The total shear is, therefore, 6,825 + 2,730 = 9,655 pounds. 
The panel length is the same as the distance center to center 
of girders; so the inclination of the laterals is about 45°; 
CSC 45° = 1 414 The direct stress in the diagonal is 9,565 
X 1 414 = 13,510 pounds, tension when the wind blows in 
one direction, and compression when in the other direction. 
According to B, 5., Art. 34, the member must be designed 
for 13,510 + .8 X 13,610 = 24,320 pounds tension and com- 
pression Dividing by 16,000 gives 24,320 t- 16,000 = 1.52 
square inches net section required to resist the tension. 

45. According to B. 5., Art. 86, the smallest angle 
that can be used for lateral bracing is 3i m. X 3a in. X f in. 
In Table IX the gross area of this angle is given as 
2.48 square inches. The number of holes to be deducted 
depends on the method of riveting the angle to the con- 
nection plate. Fig. 17 
shows a connection 
frequently used: the 
short angle a riveted 
to the main angle at 
the end is called a lug 
angle, and serves the 
purpose of transmit- 
ting the stress from 
the leg b of the mam 
angle to the connec- 
tion plates. In prachce, the number of rivets connecting the 
two angles is usually made one more than half the number 
required to connect the lateral to the connection plate. 
With rivets spaced as shown, 1 6 holes must be deducted, 
according to B. S., Art. 33. As the angle is i inch thick, 
the area of cross-section of one hole is .376, and of 1.5 holes, 



Pig 17 




J_ rm 

i 
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1.6 X .376 = .6625 square inch. Deducting this from 2.48 
leaves 1 92 square inches net section. As only 1.62 is 
required, this angle is large enough so far as tension is 
concerned. 

46. The distance center to center of girders, measured 
along a diagonal, is 6.6 X 1.414 = 9.19 feet = 110 inches, 
nearly. The ends of the laterals are riveted to the con- 
nection plates, so that the unsupported length may be taken 
as the distance between connections, or about 18 inches at 
each end shorter than the distance between girders, leaving 
110 — 2 X 18 = 74 inches unsupported. Table IX gives the 
least radius of gyration as .68 mch, then, 

i . ^ = 108.82 

Table XXXV gives the allowable intensity of compressive 
stress as 9,660 pounds; as the gross area is 2.48 square 
inches, the strength of the angle is 2,48 X 9,650 = 23,930 
pounds. This is very nearly equal to 24,320, the required 
strength, and so this angle is sufficiently large. 

47. As the span under consideration is less than 76 feet 
long, it will be shipped riveted up complete. That is, the 
rivets connecting the laterals to the lateral plates will be 
shop-driven, and, according to B. 5’., Art. 39, the values 
given in Table XL will be used. Table XL gives the value 
of a i’-inch rivet in single shear as 6,610 pounds; the required 
number of rivets is then 24,320 -h 6,610 = 3.7, or, say, 
4 rivets. As the X 3i" X t" angle is strong enough in 


the end panel of the upper — 

r “1 


lateral system, it is sufficient 


in all other panels, and so 



there is no need in this case 



of making any computations 


1 

for the other angles. 


1 

1 

48. The amount of wind 


_L 

pressure that is transmitted 

- r 

r - - u ^ 


to the abutments by the end 

Pio 18 



frames (a diagram of which is shown in Pig. 18) can be found 
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by multiplying the sum of the live and dead wind loads pel 
linear foot on the upper lateral truss (300 + 120 == 420 pounds) 
by the total length of the girder, which is 56 feet 10 inches, 
or 65.83 feet As one-half of this load is transmitted by each 

frame, the amount is X 65.833 3 _ 11^726 pounds. As 

there are two diagonals, one will be assumed to be out of 
action when the other is in tension. The height of the frame 
is about 4.5 feet, the tension in a diagonal is, therefore, 

11,725 X = 11.725 X ^ = 14.230 pounds 

6 5 6 5 

It has already been found that a 83 '' X 82 " X f" angle is 
more than sufiScient for a stress in tension of 24,320 pounds; 
so that It will be used in this case. 
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